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1. Introduction. 


In the Congress Bulletin of May, 1948, 
appeared an article by Dr. Eng. A. D. 
DE Pater (!) in which a method of 
calculation was shewn for a prismatic 
bar of infinite length on equidistant 
bearings. Such a system may apply 
particularly as a model replacing a pair 
of rails on resilient sleepers. 


(1) A.D. pe Pater: «Calculations for bars 
of infinite length with elastic supports », /.R.C. 
Bulletin, vol. 25 (1948), p. 265. This article will 
be referred to as Article 1. 


It later appeared that the question had 
already been dealt with, apart from the 
article already quoted, by Desprets (3), 
by Czirary (2) and also by RITTER (°). 


In the calculations now undertaken, we 


(1) R. Desprets: « Notes on rail calcula- 
tions », I.R.C. Bulletin, No. 5 (1921), p. 507. 


(2) E. Czirary: «Beitrag zur Berechnung 
des Querschwellenoberbaues », Organ fiir die 
Fortschritte des Eisenbahnwesens, vol. 91 (1936), 
p. 154. 


(3) W. Ritrer: «Anwendungen der gra- 
phischen Statik », Ziirich, vol. III (1900), p. 167. 


va 
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shall once more shew a method of cal- 
culation for the system we have described; 
this time we shall use the calculation of 
variations. We shall see that this also 
leads to a fairly simple solution, but this 
fact alone would not justify the presen- 
tation of a further article dealing with the 
same problem. However, it would seem 
that the use of calculation of variations 
provides for an important phenomenon 
which occurs in a superstructure but which 
has so far been completely ignored in 
similar calculations. The phenomenon 
mentioned is that when, in a series of 
sleepers detached from the rails, a single 
one is loaded, not only this one but also 
the neighbouring ones are depressed, as 
we shall shew in more detail in Chapter 2. 


As in Article 1, we shall confine our- 
selves to the case in which the bar is 
loaded with a single force. When the bar 
is subject to more forces (in the case of 
continuous loading) owing to the fact that 
the bar is of infinite length, the solution 
can be found by superimposing the 
appropriate solutions for each force (in 
the case of partial force of a continuous 
load). 


2. Relation between the forces operating 
on a bearing and the amount of depres- 
sion. 


DRIkEssEN (!) has recorded his exper- 
iences, in which a sleeper, detached from 
the two rails, was loaded with two equal 
forces, bearing on the sleeper in the 
position occupied by the rails. He then 


x@) Ghy El J. Driessen : « Nieuwe inzichten 
bij de berekening van den bovenbouw der spoor- 
wegen », De Ingenieur, vol. 51 (1936), p. V 75, 
fig. 21. 
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measured the depression of the loaded 
sleeper and also the depression of the 
neighbouring sleepers, which were also 
detached from the rail. 


The depressions recorded had approxi- 
mately the dimensions shewn in the sketch 
in figure 1. In this sketch the sleepers are 
indicated by numbers and the sleeper 
marked m is the loaded one. Pm is the 
sum of the two forces on this sleeper. 
We will now attempt to present such a 
series of depressions by a mathematical 
formula. 


— Depression of a loaded sleeper and 
neighbouring sleepers. 


Fig. 1. 


As in Article 1, we shall not deal with 
the extent to which Hooke’s law applies 
to the construction of a bearing created 
by the sleeper and sub-soil, and assume 
tacitly that the depression of each sleeper 
is directly proportionate to the load Pm. 
It is thus logical to represent the depres- 
sion yn of the sleeper nm, introducing two 
constants u and A, by: 


Yn = wu Aen Pl, for m > n, 
! (1) 


yn = u dem LP, for m <n; 


In these formulae ’ is a number without 
dimension < 1 and uw a constant with the 
dimension (u = length : force). In effect, 
on one hand the formulae (1) represent 
fairly accurately the depressions of the 
sleepers and on the other hand a relatively 
simple formula can be found which gives 


ae eo ee ieee 


A etuee 
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the relationship between each depression and load, when each sleeper is loaded. 


Since there is, more usually, in the latter case; instead of (1) : 


a) es 
Vn — p ( yy RA ee ale 3S, rn-1P| . . ° . . . Pa ae 2 (2) 


Sa m=n 


We may calculate 82yn = yi, —2 yn + yn—,. We find successively : 


Yat-3— Ya = ul ny x An—mP,, = > No Pn) 


m=— 00 m=n+1 


~ / ad oo 
Ya — Ya—, = u(1 — ri — > An—m—1Pp,, + yi} Pa) 
“ Alba) 2 = 
82 Vn = ——_—— ba An—mP,, + > Am—nP,,, |— 2 ul = X)Pn, 
A m=— oc m=n+1 
OT 
2 w(l — d)2/ "1 5 Hoh 
82Vn = = wn —mP,, a > 1o—Pr| =— ae )p. SP el ane (3) 
A m=—oo m=n 


The elimination of the expression in brackets with the signs & of (2) and (3) gives, for 
the desired formula : 


ee AG ee ee een, a ae te) 


Formula (1) and the formulae derived from it are also valid for the special case, 
dealt with in Article 1, where a sleeper loaded singly is subjected to depression. 
Proceeding to this case, it is sufficient to allow 4 — 9 in the formulae; (1) and (4) then 
both become : 

nT) eee ke ree Wears ae ACs) 


3. Derivation of the equation for specific degrees of bending of a bar. 


Let us now assume that on the resilient bearings mentioned in Chapter 2 is located 
a pair of wheels of infinite length with a modulus of elasticity E and a constant 
moment of inertia I. For ease of expression, we shall again refer in the following to 
the assembly of two rails as the « bar » and also to « resilient bearings ». In addition, 
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we shall suppose that the bar is loaded with a single force P in the span between the 
bearings 0 and 1; we shall call x, the distance from the force to the bearing 0 (see 


fig, 2) and state: 

xe xpelink oo = = eet ee 
formulae in which xp represents the coordinate which indicates the point in the bar 
at which the load is measured. 


Fig. 2. — Bar of infinite length resting on resilient 
bearings, loaded with a force P. 


We will let M, be the bending moments of the bar in the region of the bearing n. 
This will be positive when the bar is loaded from above at the position of the 
moment. From the equilibrium of the parts of the bar in the spans (7 — 1) —n and 
n—(n-+ 1) can readily be deduced the relationship between Mn, and P». 


52Mn a Ent for n =2 0, 1 . oS w . . s «© . . (2) 


In these formulae n must not equal 0 or 1; for bearings having these values of n, 
we can take the equations : 


32M, =—P,J + PKI—=,), 8@M,=—Pdi+ PR, oe ee 


Beside the equation (2, 4) which indicates the relation between the deformation and 
the load on the bearings, and the formula (2), which is derived from the equilibrium 
of the bar, we can write another formula concerning the deformation of the bar. 
In fact, we find with the equation, the three moments (') : 


v 
4 (Min—, ao 4 M» L Mn. 1) — O2Vn for n x 0, I. . . . . . . . - (4) 


v 
¥ (M_; +4 Mo + M,) = 82yo + vPE,(1 — &,)(2 — &>), 


' - O) 
cae -{- 4 M, -f- M,) = d2y, + vPE,(1 = E 2). 


(I) See for example : C.B, BrezeNo and R. Grammet : Technische Dynamik, Berlin (1939), p. 229, 
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In these formulae, we have, for purposes of brevity, taken as in Article 1 
73 


Fat MORON ore SENS) 


VV = 


they can be further somewhat reduced under the form : 


v 


Vv 
oe 8 Ma 82 yn for n 0, Ih 5 Oe an ee ta teh is aac mg) 


v 


v 
—2M, + Mo — d2y5 at vPé,(1 aie Ep)(2 on), 


Pe aR URS YS Set A BD | Ce (8) 
y y 
“7 82M, + ro via vee; — 7). 


So far, we have eliminated P,, from equation (2, 4) and (2) and where applicable 
from (3), in order to derive from it the relationship of (7) and (8) between M, and yn. 
For this, we find, if we postulate as in Article | : 


v 


je ee ee ee eee ee 9 
ee (9) 
(C being a factor without dimension), 
1— 22 v32M,, 
eS 2 hoy (1 Fy fore cs 1) 


& l 


—)2 vd2M, 1— 2 
Sao a YPC — Er) = 08%y0— (1 — 2)*Vo, 


co l 
(1) 
ee va, 73 B —ne 
|1—?) yorMy _ ) vPE, = Ad2y, — (1 — A)2y. 
@: l Cc 


In the following Chapter we shall consider the general solutions of equations (7) 
and (10). 


4. General solution of the equation for specific variations. 


We now substitute as a solution of the equations (3, 7) uanal (Be, (MO) 


vMn 


] 


L 


cs 3 “Yo vr ce) 


Vn = BF 
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= and y being numbers without dimension. Introducing the quantity 


_ (le 


€ 


0 - (2) 


we have 


Vee hens 5 oe ee 


82 yn — Nen, 


By substituting this in (3, 7) and (3, 10), we find for 6 and y the two equations 


r2 


i ; 
6 + 0) =0, ——— y= 28-19 @ 


from which an equation can be derived, comprising 9 only : 


The solution of this is : 


isite 
_a—mn429 FAfa—n 4240 np | C =) 
O12 = sg ; - = « (6) 


Consequently from (2) there are four solutions for ¢ : 


] 
13 = l + ~ 0), 2 


5 > 


V6,(8; + 4), 


ee 


Ni 


in which are equal 


Sy 5 5 Sy Ste Se ee 


It is to be expected that for certain values of C and 2 some of the quantities 9,,, 
and ¢,—, will be unreal. To investigate this, we trace a diagram (C, A). Given that 
on the values of C>0 and 0 << 1 have a physical meaning, it is necessary to 
consider only the first quadrant and of this only the region A < 1. In this diagram 
(fig. 3) we trace several curves which, in addition to indicating the outline of the 


a: (—an+n22— 241 a (= aja, 22. Oy 
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formulae (6) and (7), will give appropriate values for §,,. and/or ¢,—,, i.e. the curves 
a—d, defined respectively by the equations : 


G 


Yj 


Ui, 
ay: 
= 9/706) Li 
| 


\G 


ey 
; 

4 
23 
Z 


Ws 
Zs 
\ 


SN 


o 


Fig. 3. — Plan (C, 2). 


in which 2, equals the root located between 0 and | of the equation 


ee ee en eee eee ee ke (10) 

so that 

3 a, =4—/15 = 0.127016. 
The broken curve e which is also found in figure 3 will be interpreted in Chapter 8. 
Curves a and / can easily be drawn by resolving equations 9¢ and 9%, C being a function 
of 2. We find, respectively : 

| ple L— ai : 

: teat Ate for carved. 25 «a's ee. Se ee ee ES (114) 

| +54 hei 
C= Nome Fc COCVOR OR i a a, ee eee (114) 


A 
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Table I gives some values of 4 and C. In addition, it is obvious that the curves a 
and b are tangential to each other at the point A (C;. A;) and meet at the point B 
(0, 1). The parts of these curves which refer to the values A < A; and A> A, are 
indicated respectively by the indices | and 2. 


TABLE I. 
Some yalues of C and > relating to curves a and hb. 


a 
Curve a Curve b 
0 24 00 
0.1 8.069 9.9 
ieee 016 ch es 7.746 a 
03 2.041 3.0333 
0.4 0.9527 Zi 
0.5 0.4260 1.5 
0.6 0.1738 1.0667 
0.7 0.0599 0.7286 
0.8 0.0148 0.45 
0.9 0.0016 0.2111 


0 


For compound values of 6,,, we will state : 


er Seer 
— (1 — 8A + AZ) + in/24 (1 — >| 


= ‘| - 8A + 22)2 
0, ie a 


Serer | (9) 
fe 


By calculation, we get from formulae (6) and (6%) respectively : 


12 (1 — aA)? 
== 0, = Fe aad oat 
1 2 [ —8) -e LOT COTVC i ced ov CURR Baek ee (122) 
6 (1 — A) 
i=-+o, =— ——————— for curve 6,, 
1 — 8A aA 
4 
6(1— 22 (12%) 
0; : Toe 0, + oo for curve b, 
(to arrive at this formula, series development is used): 


v= 0, 0, = —§ for “Gutve’ ¢s-1,o. Ssl eee (12+) 
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PU AV 6 
ee keels 
Ss, es oe for curve d,, 
ee A 
A (124) 
1 aad / 
Bey Seale 6 
? I r2 for curve d,; 
a 
A, — 
§,=to0, 6,=+0 Al Poi AL = 20 olen eee ee Peer le 
u,= 0 6 : i 
p— Y; a at point B. sie oh Ya an ATS ee eR SO 
2 —1 
. 
The curve defined by 6, = —4 or 6, = — 4 and which may also be relevant, as 
indicated by formula (7) is equated in the diagram (C, 4) : 
i \ \ 1—2\ 
=== hE ANL - A 48 = —— J] 0, 2 a a ke. (le 
fo tae aee | a 
which is obtained by calculation from (6), substituting in this equation 9,,, = —4 


and eliminating the expression under the root. The partial curve, which is defined 
by the equation : 
1— 22 
'S 


—A=0 


is the curve b, but from (12°), it is necessary to use throughout this 6,,,4 — 4 when 
0 < 2, < 1; this curve has been introduced by quadrature and must not therefore 
be taken into consideration. The other partial curves do not fall within the relevant 


region of the plan (C, A). 


Curves a and bh, however, belong to the relevant part of the plan (C, 4) in four 
regions : I-IV; the following are valid for this, according to (6), (62), (124) and (12/). 


An COLyVeAd OG 20% woe 2. Se dye = 0; 


Giredivedi oa 6 oe. tae Raho = 0; 
in the subregion Iu: R6,,, < 0; 


in the subregion I,: R.6,,, > 0. 


for 


cat 
region [in the other parts of the region. . 
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at pint A 0;=+0, 0,.=+ 0, 
6,=0, 6,=0 for curve a,; 
6,=0, 0,= + for curve b,; 


for nee =0,. = : (> 0) outside these curves; 
region II ; ; : bake : 
cS 
on the other part of curve a, ... 6,>0, 0,>0(6, = 9); 
on the other part of curve b, ... 0,>0, 0,=-+ 0; 
in the other part of the region. . . 6,>0, 9,>0. 
at poitit A... 64 Set Gre Ce Oy ee ae, 
at point. D. <.. ew Sade 2 aw, Qe — Dy ta aie 
el mm) the other part of curve a, 6,<—4, 0,<—4(0,= 0,); 
on the other part of curve b, . . . 0,;=—o, 0,<—4; 
in the other part of the region. 6é,.<—4 0,<—4 
jat point A 0@,=+0, 0,=— @; 
| 0,=0, 0,=—oo for curve b,; 
0;= 0, 0; = 6 for curve «; 
at point B \g — 0, 0; = — (< 0) outside these curves; 
for 5 Se te 
region IV Nisa a. 
on the other part of curve b, i,=+0, 6,<—4; 
on the other part of curve b, . . . 0,>0, 0, = —a@; 
on the other part of curve c. 6,=0, 6,=—6; 
in the other part of the region. . . 6,>0, 0,<—4 
By application of formula (7), we find in consequence : 
in region [: all the quantities ¢,—¢, are complex (except on curve a); 
imerepsion, I. all the quantities ¢,—e, are actual and we have: 


0s¢,4 1, 0s eae 1, 6,21, &, = 1; 
in region III : all the quantities ¢,—e, are actual and we have: 
a<—l, g<—l —l<e, 50-14-60; 


in region IV : all the quantities ¢,—e, are actual and we have : 
0S¢,5) 4 <—1, 6421, —Deead: 
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To provide for using actual quantities in region I, we here state : 
€; = e—%(cos 9 —ising), € = e—8(coso + isin ) 
We then have : 
l 


91,2 = &2—2+ —- =2(ch Scos —1)+ 2ish Ssing,. 


©1,2 


and consequently, 
6; + 0 = 4(chdcosp—I1), 6,0. =4(ch8 — cos ¢)? 


Given that_9; and 65 are roots of the equation (5), we have : 


ch $cose = | — ch 3 == 00s. 9. == = 


Lees a 
eee 


Resolution of ch 6 and cos 9 of these equations gives, by calculation : 


133 32 & 
u/s ae er AS 


eho. ————— Fest at he en Soe ree eee 
= iE =e 
2/2 —d 
AJC 
1 — 22 j ae 
8 pe a (py? = 0 4) 
cos 9 = - a (Oe 9e) eer cece ae 
aR iE —7 
“zy \ C 
The following specifications can be readily derived : 
oe VETS POLS = Vc 
nee fe ose = = = for A = 0, 
2/2 24/2 
274) 2 
nee BER Oe (Ol CUSVESDS 2 oan pe ee 
1 . ae 8A + 2 


in the latter case C has been eliminated from (184) by the use of (92). 


oa 50° Bek oan se 


oS eas. ee Mee 


Lane 1—aA [@ 
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We may note here that one can multiply the general solutions of the equations 
(3, 7) and (3, 10) by any factor whatsoever. We shall use this fact in determining the 
solution which applies in the same way to equations (3, 8) and (3, 11), which we shall 
do in Chapter 5. 


5. Solution of the equation for specific variations where a single force 
is exerted on the bar. 


After having thus found the general solution of the equations (3, 7) and (3, 10), 
we shall seek the solution which also satisfies the equations (3, 8) and (3, 11). 
For this purpose, we shall first confine ourselves to the values of C and % which belong 
to region II, defined in Chapter 4. In this case, apart from the contour, we have : 


|ex]<t; ef 1 and [sah > l. 


é,| <a iF 


Since for n = + o0 there should be yn = 0, we can express as a solution 


Vn. = Ayeq" a= Aden” for 7 1 x | \ 
Meo= Bye,” -+ Boe,” = Bye; = Bye.” for n< 0. > Stow Fone ‘ ) 
From (4, 1), the first equation (4, 4) and (4, 7) we have at the same time: 
YVMn = OA ye 1" §5A,e0” f 

= rags cra < 5 iy eae et 

2 

vMu re 0,Bye;— §.B>e.—" 4 ( ) 

] S==5 ae 0, + wr +O for 7 i 0. 
From this we get : 
Yo = By + Bo, yy = Ayey + Aveo, 
vMo een OB, r 92Bo vM, O Are] ; 05A5¢> 

L G@4+0~ 648 “7 €46, 626 
029 = Ayey + Azer + By(ey — 2) + B2(e2 — 2), 
82y, = Aye;(e; — 2) + Ageo(e2 — 2) + B, + Bo, ae Le See 
vO?7Mo — 91Are, | 82Aze9 | O:By(e; — 2) 05B3(e, — 2) 

PO Or” 6 OR GO eee eae 
vd02M, a 0, Ayey (ey ae 2) a. O2A2¢2(€2 — 2) 0,B, 05B> 


' 6+ 0, 6+ 0, 6 et ee 
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Substituting these values in the formulae (3, 8) and (3, 11), we have four equations 
for the constants A;, A>, B; and B>. After evaluation, in which we use the 
relationships, which can be readily obtained from (4, 2), (4, 4) and (4, 6) we have : 


0; 6s) 

Rack 6 - 1 + 4¢; + «2 
ij 6 

coe,” wat 2 ; Tawa ee 

1—?2 §; ; eres We Gf 12) eu Bs ce en een) 
S52 6,. (ar eae 


<1(A; — Bj) eAA2—Bs)  vPE(1 = 6,4) 
1] + 4c, + ¢;2 1] + 4¢5 + €5? 6 
Sepp By —e77A2 + Bo J vPEAL — Ep\(2 — Ep) 
- ao Jae Ag ie, 6 ; 
1 + 4e, + ¢ 1 4c, + & a 
€(Aj = B;) €>(A> => B>) 62 l + 7 vPE, 
EEE Ea ee tee ene 
= <17Ay + B, = 277A> + By = ee » vPCL == Ep) 
4 eS a tC | 
Substituting in these equations the auxiliary unknowns : 
Xj = — g7Ay + By eS A; — B; (= ez) Sao So red A (6) 


we can in the first place easily determine these auxiliary unknowns. Thence, the actual 
unknowns are derived from : 


AMI —e2) =X/+ ¥, Be) =X +eP¥, G= 1,2)... . 1) 
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We shall only indicate the result of the calculations in which the following have 


been used : 


1+ 4e,+ ¢,2 (tele a E>) 


(8) 


1 + 4e,; + 2,2 1 — (1 dep el = 2 
L44e+e2 fl—e\  6(,—e) d—ee) 
1 + 4e, + e? l1—e« Gl + 42> + 22) (1 gs 
Finally we find : 
36 (e; — €) (1 —eye0) 1 + gy 1+ Ep\ 
: re ie Le —&+ aa 4 4e5-- 52 
vPU == 4) =F €17) ] ame | : =o (2 =P 2) ] (1 459 2 ) 
6 1+ % Ep 
5 1—£ + =e — E9}* 
ee aa re e] a Y, 
36 (€; — €2) (1 — €1€0) 1 + &2 J c {LE 
Eos Ei—&) (2-8, ++ ~) (1 + 4e, + €2) 
Eee, tae \ => 
6 1+ | ‘ > 
GC ae ios in + =) ey 0) 
ge SS ee a ry9 y y 
vP(. + 4e; + <2) 1—eg | sk Sp) 2 — Ep +(1+Ep)e, |(1+-4e2+ €02) 
6 1+, 


- 1 (1 — & + &e1) (1 — €2)2, 


36 (&| —e) (1 — £1£2) 1 + € 


WL 4e, 6) Toe?) he reer Oe eee 


6 1+, 
— & py UB + Bee) 1. 


Given this, we are ready to establish the formulae for py, and M». The substitution 
of (9) for (1) gives for yp 
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= 
36 — — ete) — = —(1 + 2 s 
(e; — e9) 1 — eye te (1 + 4e, + 12) (1 + 4e5 + €52)E,(1 — £,) 
1— + | —— 5 
i ce Ep )ey” +(1 -— Ep)ey" 1} = z1@ Ep)en" + (1 + Ep)enn! ] 
6 1+ A i ] € 
e- a fon = ie =e 4 s 
pen e! 1) (I <2) ee 4e; + £1- 2) ee: a oe Spe" == E pen! | 
al - 
— (1+ 4e.+ =) small — Ep)eon + Epenn—1} for n= 1, 
; (10) 
36 (€; — €2) (1 — e4€2) hg —(1 + 4e, + €)2) (1 + 4e, + €52)E,(1 — &) 
lee Jer *+(1 er E -(l+é 
Pee. Ep) et +€p a1 ay = i Sp)eg* + (1+ Ep)eni—"} 
61+, 35a, £ a 
+ a en (L — e) ( 1—=)|( Ee Aer Fe 2) SU Epe,1—n| 
1—e 
gethet 4e9'h &2’) 5 A =F Ep)e2 + bet | for n <0. 
= se, 


In addition, we get for the bending moment from (2) and (9) 


M 
36 (€1 — €2) (1 — 2€2) me 


si 
=—%(1 2 + 42 +2) 10 Ene" + (1 + Ender") 


(l= =)" ‘ = 
— (1 + 4e; + 7) — [2 tren + (1 + Ep)e2""!} 


22 


] - 
ae 1474 eae? | “At (pase 2 pey” + op eyr-1 | 
= By ej 


C 1—A 


bod A — 
pen" + Ep eg} 


torn’ = I, 
1+ é€ 
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M 
36 (€, — €2) (1 — 21 €2) oy 


— €)° 
= — (1 — in ( + dep +232) ies | ((2 — Spey + (+ Ep)ey1-"} 
(i634): 3 . ae ] 
= (1 4 46; + €77) ve 2 ~{(2 — Ep)eg"+ (1 + Sp)e2!™ 
6 1+ i l—e¢ 
(1 ere? (@ — Ee] at € gi } 
Cc 1—az ; 1 ig op j 
ies 
eaaie — Ep)e2- "+ Seat] for n<0. 


In the following, we shall keep to the two most important cases; that in which the 
force P is located exactly above a bearing (2, = 0(')) and that in which the force is 
applied exactly mid-way between two bearings (Zp = 15). For these cases, 
formulae (10) and (11) take the following simplified forms : 


6 (c; —e) (1 y DN aan ec eel 
€j — €2 £182) “5 C 13! €}) (1 — £9 
ra =e Ae, - 17) sabe eym —(1 + 4e, + et out 
| 1+ e Z é 1+ ba 
for &o = Oandn =0, 
(12) 
Mn 
6 € — €>) | — e;€>) 
(e ( va 
l i+ A l—e¢, ] —e5 
= cs | €,)* (1 —e,)2} - — 2,7 — ——_—— = eee 
(© =a 1)? ( >) l+e¢ =I jeg | . 


(1) In article | we used for this case the notation Ep |; however the notation Ep = 0 offers certain 
advantages. 
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12 (€; — €2) (Il — eye) —= 
vP 


1 
= Ga (1 + 4e; + ¢)?) (1 + 4e, + €27) | (1 — ey)ey7-1 — (1 — ep)epn-1 


11+, 
+: cig as (1 — 1) (l — €2){(1 + 4ey + €)2) (1 — ep)eyr 
for 
— (1 + 4e2 + &9?) (1 — €yep“}, Snes 
(ee a| 
(13) 


Mz 
12 — €5) (1 —e,e5) ——= 
(e] €2) ( €1€2) P/ 


1 
<a e (CL + 4e2 + 5?) (1 — €))5ey"-1— (1 + 4ey + 212) (1 — €p)3epn1} 
11+, 
! ] €,)2 (1 25)2! (1 €1)e,n-1 1 4 ol 
Shae “A 1)? ( 2) ( ver ( >) a 


We have only indicated the formulae for n=0 (€,=0) and forn=>1 (E,= %); 
from these can be derived the corresponding formulae for other values of n, 
substituting in the right-hand expression n for—n (for &)=0) and n for 1—n 
(for —, = %) respectively. 

We may recall here the remark at the beginning of the Chapter, that we shall 
confine ourselves in the first place to values of C and A which relate to region I 
indicated in Chapter 4. For other values of these quantitics, it is necessary to modify 
slightly the formulae which we have just derived. Before considering these we will, 
in the following Chapter, derive the formulae for bend and bending moment at the 
point of application of the force. 


6. Bend and bending moment at the point of application of the force. 


When the force is located exactly above a bearing, the bend y, and the moment Mp 
are determined by : 


sp =< Jos Mp — M. for en = 0, Se Me Se ha da yee (1) 


i) 
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in which yo and Mo are defined by (5, 12). We find : 


PSE A he], Pen 
= : ; =a Wee €j + €) + 2e;€), 
C 1—al+gui+e for 2,0. 


1itrzrd—e? d—e) pare ee es 
0 (sa 1oeeg gases 


yp 
3 (dl 
( €1£2) P 


ad ele 
(1 — eye2 oy ee 


The case £, = % is more complicated. We can then use the quantities yp and Mp 
as follows. Let us imagine the bar cut outside the span 01 as nearly as possible to 
the bearing 0 and outside the same span as nearly as possible to bearing 1, and 
consider the portion of the bar between these two points, when it is loaded with the 
force P and the forces and internal moments which exist in the uncut bar in the 


Fig. 4. — Portion of the bar between bearings 0 
and 1 with the forces and moments loading it, 
for ep = 1/2: 


same places (fig. 4). Because of the symmetry of the bar in relation to the line of 
application of the force, we have yj = vo, My; = Mo and since the angular deviation 
of the bar at the point P is equal to zero we have : 


PF M./? 
Va fo = : 
48 El 8 El 
or by introducing the quantity v (3, 6) 
Vp Yo 3 Mo 1 f gs l 
—_— = —_—- oe OE hp == ==. vais 7 een 
SE a a gee | @) 


It can therefore be concluded from the equilibrium of each of the two parts of the 
bar, that the bending moment at the point of application of P is equal to : 


or 


P/ P/ 4 —— >" ® . . . . . . . . . (4) 
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With the help of the formulae (5, 13), we find by calculation : 
yp 
48 (1 — eye.) — = 
( 1€2) P 


-) 


7 ie 22 (1 + €2) + €42+ S8eye2 + €92+ 4eye, (ey + €9) + €2ey2 


ee oe. 
en fiat; (1 — €}) (1 — €2) (23 + €; + ep — eye), ae 
se! 

yi acy? = = 

( 1£2) P/ 

1 (5) 

=— g ta + 2 (<1 >) 12 10e;¢> = €92— 4e,e> (ey +- €>) = ciey| 

on a ae i , 

eae ee e;)? (1 — £2), 


The question arises whether, for a value of € other than the values considered here : 


1 
@ = and & = Ge the bend and the moment at the point of application are greater. 


a 


We shall not undertake an examination of this question, in view of the difficulties 
of the calculations involved. 


7. Formulae for bend and bending moment for complex values 
of ¢, and ¢. 


When the values of C and A are such that the junction point (C, A) in figure 3 is 
located in region III or IV, formulae (5, 12), (5, 13), (6, 2) and (6, 5) remain valid 
if we replace only : 

é> by ¢, in region III 
and ¢ by e, and also ¢; by «; in region IV, 
in accordance with the remark in Chapter 4 on the size of the constants ¢; — ¢,. 


When the point (C, 2) is in region I, <; and ey are complex. In this case, we can 
introduce into the formulae mentioned above the quantities g@ and 3 from (4, 14): 


e; = e-§ (cosy —isin 9g), en = e-8 (cosp + ising), . . . CH) 
In addition, we can write : 
l 1 
= = ed (coso + ising), ie = ed (cos » —isin 9), 
<1—& =—2ie > sing &y + 22 = 2.2% cos 9, cat aaa 
ee) = e728, ieeepents ec) 2800 50, 


1+ 4e, + €)2 =2 (ch Scoso + 2+ ish 3 sin 9), 
1 + 4e, + ep? = 2 (ch 5coso + 2—ish 6 sin ¢)e2, 
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and at the same time, from the theory of DE MOIvRE 
ey7= e-"8 (cos n o —i Sin n 9), en=e-8 (cosng+isinng)..... (3) 


Thus formulae (5, 12) and (5, 13) are converted to : 
: Yn 
6 sh 5 sin go — = 
4 vP 


bles x ch 3 — cos 9 
== en 
C1—A ch § + cos 9 


(ch 3+ cos 9) edsin (n+1) 9 — edsin (n — 1) 9 | 


for E, = 
— sh Ssin @{edcos (n + 1) op — e-8cos (n — 1) 9]}|, 0 andn 
= 0, (4) 


3 sh 8 sino — = 
ne] 
rt x (ch 8 — cos 9)? 
—- ennd 


- h 8 1 oS] ¢ 
C1l—Aa ch 8 + cos @ (s sin ng — sin @ COS ng), 


F Vn 
Geshmonsinnce:———— 
aa OT 


l 
ae a {(ch 38 — cos ¢)?+-3(2 ch 8 cos 9+1) |{ sin (n — 1) 9 — e-Ssin ng | 


11+, : r 
Cres e—n-D8(ch 3 — cos 9) (ch 5 cos 9+-2){ sin np — e~Ssin (n — Ie} Pe 

i ae 

sinc sin P {cos 1 — e-Scos (n oe l)e } E= * 
Mn l and 

6 sh ) sin 0 e~(n- D8 (ch 5 cos © i 2) n> e 

I | 16 m4, a 


{e8 sin (n — 2) p—3 sin(n— 1) -— + 3e-8 sin no — e-28 sin (n + le} 
+ sh 8 sin ¢{ eScos (n—2) —3 cos (n—1) 9+3e-8cos ne — e-*8cos (n+ 1)o| 


Seles 
GS a? PF (Ch 8 — cos 9)? (sin (2 — 1) p—e-8 sin ng}, 
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We substitute the values (1) and (2) for <1, e9, etc. Also, in formulae (6, 2) and 


(6, 5) for the bends and bending moments at the point of application of the force 
and we find, respectively 


yp 1 1+ ch$—coso 

3 sh 8 = 2ch 5 ; 
vP G aris wares teak 

forecra 0." eee (6) 

M>p 1 1+ A (ch $—cos 9/2 

3 sh § — = — = ; 
P/ C 1—aA chd$+coso 
yp 

24 sh § —— = 

: vP 


= 268 (I6ch 23 + 15 sh 25 + 26 ch 8 cos — + 18 sh 8 cos g + cos 2¢ 4- 29) 


for 
0 fk. 8 ts 9) (hd ch'S 12 ch. cos), 1 
C1—a ae 
2) 
M 
oh So = % 
P/ 


2S e-§ (8 ch 28 + 9 sh 28 —2 ch Scos 9 + 6 sh 8 cos » — cos 2 p — 5) 
16 


11 N 
zs e-8 (ch 6 — cos ¢)?, 


On curve a in the plane (C, 4) (see fig. 3), we get from (4, 20) p= 7. As we can 
easily see from the rule of De L’H6PpITAL, the formulae (4) — (7) concern respectively 
the simplified expressions : 


a 
3 sh —. = 
vP for 
% x & =0 
peed se-nd See (ch 8 —2){(n + 1)sh 8 + e-3}—sh?3}, ) andn >0, 
CP 12. X h § — 
(8) 


Mz Oo, (— Le i ts A —nd (ch 8 + 1) 


e (n sh 8 4- 1), 
wo cl ik) hI 
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i | iced . 
Ssh Fo Nt eS (8 eed ee 
vP 8 


2 yall a , . 
( 2 in ae 1|(cnd—2 {n+(n—l)e~° | = shd (1+ e-8) : 
a for 
6 sh § — = . 
Ry a 
ae: 
= inal: ; 
= = e ma (ch 3 — 2){(@— 2) ed + 3 (n — 1) + 3ne-8+(n+ 1) e-*8} an ie 


+ sh d (e8+ 3 + 3e-8+ «| 


Serial | IN 
cal a e-(m-1)8 (ch § + 1)2 (n — 1 + ne-S), 
Ge aay 
on tl ee Ven eee 
eddy le he a ths —Ty 
pee WC eek sees ) 
M 1 1+A(ch8+1) = oe 
BT eee = ee age 
P/ Cot atiGich sane 


aot 
24 sh 5 = 76-8 (16 ch 28 + 15 sh 23 — 26 ch 8— 18 sh 8 + 30) 
vy 


et ee 
e-8 (ch 8 + 1) (11 ch 8 4+ 12 sh 8— 
C pen (ch 3 + 1) (ll ch 3+ 12sh8 1), His 
M Lita Ep =~. (11) 
6 sh 8 = a> jg@- 8B ch2.8 + 9 sh 25 + 2chd — 6 sh 8—6) 2 


BE ae eres 
au oy ee ae 
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For the point A located on curve a, we have } — Ay 4 as 5, C= Ci S247 15 
and § = © (see Chapter 4). Substituting this in the formulae (8) — (11) we find : 


ae OOP == 2. '3...00, 2 3S es oO, 


for:€> = 0, (12) 


pe Of 253 2 | 
P/ = or n= 2, oO, “) Bene D, 

Mo —_ Mp :* 1 M, M_, l 

Pi Pl 18° PI Pi 36. 


=== for.n = 3, 4...00,— 2, — 3... — 0, 


Vi — Yo = 23 y2 yy 1 yp 185 


1 
for €p.= ae (13) 


PO tasers 3) A 2cof 2, 3. = 


M, Mo. 17 M, M,_ 1 M, 55 
P/ Pi 38k * PI P/ 288 


For these values of C and % there is the curious fact that the bar, whilst of infinite 
length, is deformed only within a limited zone. 


8. The continuous methed. 


After compiling the formulae relating to a bar resting on distinct bearings, we 
shall also consider here, as in Article 1, how such a calculation is undertaken when 
the bar is supported on a continuous bed. When a single concentrated force is 
applied to this bed, the bend must be produced in accordance with the depressions 
reproduced in figure 1 for a series of disconnected resilient bearings. 


For this reason, it is evident that the bend must be represented by the formula : 
yx) = pe—vG—-») P for x>x, | 
yx) = pe Ve) P  forx<x, | 


24 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION JANUARY 1952 


in which x represents the location of the application of the force: By os indicates the 
measuring position of the bend (see fig. 5) and » and y are constants of elasticity 
which have, respectively, the dimensions [vy = length'!] and [u = length : force]. 


7 
Fig. 5. — Deflection of a bed loaded with a single force, 


In the first place, we shall have to consider what the relationship should be between 
the constants u and v, the quantities ~ and A introduced in Chapter 2 and the 
distance between the bearings /. At first sight, it seems necessary to determine this 
relationship in such a way that in loading the bed by a single force P», tne depression 
of the bed at the same place x — x = (m—vn)/, corresponds to the depression of 
the nt. bearing, when the m‘. bearing is loaded only with a force P», of the same 
size. This entails, for the satisfying of the relationship, from (1) and (2, 1): 

- Ink 
wB=p A>ew, enact i dS pts, Soa age 
This, however, gives rise to the difficulty that, when it is desired to use the standard 
ZIMMERMANN theory, and for this purpose }-—» 0 is applied, the constant v tends 
towards oo. 


For this reason, it is better to make comparisons, not between cases where the 
whole of the resilient bearings and the bed are loaded with a single force, but between 
cases where the whole range of bearings is loaded with a series of concentrated 
forces: Pm, (77... OR 1, 1, 2, ...) located above each bearing and the bed is 
loaded with a continuous charge g(x). The relation between the deflections and the 
forces which apply to the whole range of bearings is indicated by (2, 4); it is not difficult 
to derive a corresponding relation for the case of a resilient bed. In effect, in place 
of (1), we usually apply in the latter case : 


WX) = pif eV q@adc + f e-v@—x) qa)dyy. . 2 2... 2... QB) 


Differentiating this expression twice, we find : 


dy oe ‘ele, FSS 

de aa uvi—J e—V&e—x)@(x)dx + f e—VG—») g(x)dx \ 

d2y ; eae : : ae dbo ; 

axa PML 6 OMG )derk | @ —GSog aide endayg Ge een 


ee Peace 


a i i, a 
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Then eliminating the expression between the double curved brackets (3) and (4) gives 
the relationship between y and g 


Under this equation, we can put the relationship (2, 4) : 


== Yn = i ikke eb te eeu. Be (6) 
l ul(1 + 2) u(l — 22) /2 
If we now select the constants u and y so that at the position of each bearing : 
Pr d?y(x) Ayn 
x)=, Se iis Averal ah a SIO 
q(x) 7? POS he 2 
In this case, it is necessary that : 
) 1 1—A 1 i r 
tu = — ss 2 Sie 0) we Ou Gon ist, Sieh. 75) Ba) (7) 
uw pri--r - Quy uw 1— 2 
from these we obtain by solution of » and v 
u(l + 1—i 
ae ort ) ee ao ee (8) 
2V 2 Ir 


We have thus found expressions for the resilient constants » and vy, in which we can 
without any disadvantage, let 4 = 0. 


We then derive the differential equation for the deflection of the bar. From the 


2 d2M ; : 
known expressions EI = M, — = gq and formula (5), we obtain this 
dx? dx? 
equation 
dty 1 dy y 
I a - = 0, 
dx* 2pvdx2 2p 
or with 


NE ae 
pay) GM ae 4 oe es ee ae sae (9) 
8uEI ’ 8uvEI 


d4y 


1 4R +4at 0 he oS ee (10) 
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Taking, in (7) and (9) 4 = 0, we find : 


eae 
oN va eae 


which corresponds to equations (5, 2) and (5, 4) of Article 1. We will select a system 
of co-ordinates so that x = 0 at the point of application of the concentrated force P. 
As in Article 1, we must determine two solutions for (9), one solution (indicated by y) 
valid for x =O and one solution (y*) valid for x <0. The extreme conditions are 
now equally : 


y and its derivatives = 0 for x= @, 
y* and its derivatives = 0 for x = — 0, (11) 
_ it 
y = y, y’ = 5 gis yf = Daa , a ye" =e ier for ft 0. 
EI 
The substitution of y = er* in (10) gives the characteristic equation 
pie higtre 4 gt = Oar a ee, ee 
the solution of which is 
r= — ry = 82 + a2 + 6/8 — a2 rp = — 1, = pars eee \ 32 — a2, (13) 


For 5 <a all the values of rj (j= 1,...4) are complex, for 5 => « they are actual. 
For 6 = « we have, from (9), 


hd ee ee en es 
TABLE II. Substituting the values (8) for u and v and 
Some values of C and 2 relating to curve e. in accordance with (3,6) and (3, 9) taking 
B 
— = QC, we find, as equation of the 
6 uEl q 
curve in the plan (C, 2), for which 
CO a = ) 
53.46 
20.9258 _ 2(1— 22) (1 — a) 
10.24 oo rT ames ets) 
5.625 ; ‘2 
3.3030 : 
1.26 Table I gives several corresponding 
oe values of C and A from (15), whilst the 
0.0624 curve represented by (15) is shewn in 
0.015 figure 3 (curve e). In the part of the 


0.0016 
0 


frame under consideration, of the plane 
(C, A») from the side of the curve in 
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which it originates, we have § < «, in the other part 5 => a. 


In view of the extreme conditions (11) for x = + oo and from the fact that the 
deflection must be symmetrical in x, the solution of (10) is : 


y = Bye,* + Boe,x for x>0, \ 


Bete rs ost NS) 
y* = Byer,* + Boerx forx<0. | ue) 
The other extreme conditions give for the constants of integration : 
ie le 
B, = — —, B, pada een 1) 
2r,(712 — r22)EI 2ro(r12 — ro2)EI 
from which we can deduce the formula for the deflection of the bar : 
rs a 8 te ea a. ue ano, (18) 
2r yr (r,2 — ro2)EI 
or after substitution of r; and r, (13) 
P pee PA fa? 2’ cos x 4/02 — 82 + 4/a2 + 82 sin x /a2 — 82 
== e —____—__— 
8 a2 4/a* — §+ El 
forex Oand 0.5 eee 8 pe GL92) 
—ax,/2 i /? 
iy = Pe pope forges 2) and ia iO, a ee LO) 
8 a3 Ely/2 
ad 8240? . /§2_— 2 ch x 1/82 — a2 + 1/82 + 2 shx/— 2 
ee, 8 «24/34 — a4 BI 
for v= Ovand a <2 0, 2 ae LOS) 
dy ee 
The bending moment results from M = EI ee and is therefore equal to : 
202482 , 742 §2 cos »/a2 — 82 — v/02 + 82 sin x +/a2 — 82 
Me Pe . te ae 
for-x 5 0vand oo 0, oe ee 204) 
= ye 23 /9 
en : a for ze 0 andie =a, see ee 20?) 
4ar/2 as 
— 278240?  /32 22 ch x 4/82 — 02 4/82 + «2 sh x 4/82 — a2 
M = — Pe 


4/8 —a" 
fot x Orand ee, go nas 10208) 
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These formulae are established in such a form that for the region in which they 
are valid, all the quantities emerging are actual. In deriving (19%) and (20%) we have 
made a limit conversion. From there, we have confined ourselves to x = 0. 

To provide easier comparison of these formulae with the relationships found with 
the bar resting on disconnected bearings, we shall first express « and 8 in the 
constants C and ’ used earlier and the distance between the bearings /. From (9), 
(8) and (3, 6) we get 


Res t—% 5 Wee i : 
a= ee we of = 4 [on >(2} 
we then take 


al=a, dsl=d, hW/oet+ 2 =b,, W/e—82=b, hH/8?e—e2= 4b; 


and Tp Ecorse & e+ Sha cane 


so that we have for the quantities a, d, b;, b> and 4; 


[3 3 
mse a 
by — (1 FN, "a - vA —e ; 
7 —- ira a 3 Ri ake st 5 (23) 
ee. 2 © 
by = Jt ~ WE Se ate 
oo RRR 
9 i? 


Following which the formulae (19¢-¢) and (20e-c) become : 


y 3 Sy, cos b2— + by sin b5— 

— —@ i J = eed » Ss P N 

eo a Pinks for x OD 'and a>, . .4 2, ow eee 

y 3 it eg ery : 

— = = ———— or x+e0 and a= ¢. Fo 

vP 4 a>/2 og en a 
=y € - 

¥ 3, ‘bs ch 56 + by sh d5E 

Tomer : a7 bs = for x 0 aod oe 2 ee (24°) 
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es ee 
M 1 "3" by cos bo— — b, sin bot ; oy 
6 = = hey eel) cg L> 38 
P/ 4 ee ole oe (ON Tohatel te 5, 
M Le YT —at./2 : esi 
= = —.+ @ —_—____—_ ee rd é 5, 
P) 7 oe Of, ind « 
M 1 ~ "1°; ch b3&—b, sh b3é a 
— = — —-e -- —____—_—____— iO}r emp UO) pewaval ioe == (Gy. 
P/ 4 bb; 


9. Comparison of the results obtained from Chapters 5-8. 


29 


(252) 


(25?) 


(25¢) 


In the foregoing calculations, we have found the formulae by which the deflections 
of the bar and the bending moments can be calculated for disconnected bearings and 


cP 
uP 


A 
1 0 0,5 
i i i — i int of appli- 
i i f appli- Fig. 6b. — Deflection at the point ¢ 
aan ee ea hates Of A cation of the force as a function of A 


for Ep = 1/2: 
for Ep = 0. ar 
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also for continuous bearings. To examine the respects in which these quantities 
differ from the corresponding quantities calculated for a continuous bed whose 
resilience constants are determined in accordance with Chapter 8, we shall calculate 
these quantities numerically for several values of C and A. 


hile 


nN 


0 : , 
0 f 
, eg gf ef 3 5 © 20 50 00 
Fig. 6c. — Deflection at the point of Fig. 7a. — Deflection at the point of application of 
application of the force as a function the force as a function of C for Ep = 0 


of A for the continuous case. 


In the first place, we shall determine the deflection and bending moment at the 
point of application of the force. For this purpose, it is convenient to introduce 
some further abbreviations. Taking : 


oat | oa a eee ; 
v= fe ~+(+0% x=, /40 +44+%)+4+2V30—Hp .... GD) 
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we have in accordance with (4, 182) and (4, 18%), as can be readily verified : 


| i nN 3 Ai val 2 
cae — vl eh, Ee ul 2 a Ss Tee te eeu ake) 

ao aaa ‘ : By ies , 

\ C aN € e 
and then : 

« >—§ ny — ney 
a ee Saree Va ey oie ee 
~~ en sh 8 x 
2 24/ ==} 
vs 


The formulae (7, 6) and (7, 7) for the deflection and the bending moment at the 
point of application of the force can then be established in forms valid also for 
regions II-IV of the plane (C, 4). 


LP 
uP 


22 OF ac tage Mes ge 
3 , 


i i i application Fig. 7c. — Deflection at the point of application of 
., oh ee ration ated fo ait 1/2. the force as a function of A for the continuous case. 
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ve lA y3 or fe 


ene 7, for. Ep = 0, 4 Lat as oe oe 
M, ote 
Id oe 


Fig. 8a. — Bending moment at the point 
of application of the force as a function 
of A for & = 0, of 4 for Ep = 1/2, 


Fig. 86. — Bending moment at the point 
of application of the force as a function 
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Ye 1 $+ 0—V3—yx/,, 1— 2 
vP 768 oa | SEE rape edhe eA 
Tae}: 


mate 


= 96/3 (1 +2 
+ 33 (1 —a)(S0+ x) + 120by + V3(i + EIN, : 
2 for =>. @) 
! Se pve = 
Be 18 W382 fig I=¥ sn 4 on 
Pi 64 oe: € 


ak 


+3 (I —2) BY + 9 + 2x, 


Taking, in these formulae 4 = 1, they have the more simple forms 


Vice 2a ay 73 58) age Ge (5) 
Yo 1 Mp, e 
ae : = 0 fOUaCS =a 0.) 8 eee hens, eee (62) 
ic, > py : 
= /3 +1 
See pee DAS nae ay a ky (6) 
vP 64 cP 16 


whilst for C = 00 they are converted to: 


b=1+a y= 34D4+W3—-DA «-- - (7) 
\ 
ay ee for’ es sO ee (82) |] 
vP sé? 
Yo _3¥3—1 Mp__ V3+! i ho ee (%) 
vP ead 16 2 


By virtue of the physical conditions, we can easily set out a method of control for 
these formulae. In effect, for C = 0, the depression of each bearing is equal to zero, 


a vP : ; ; 
and for 4 = 1 it is equal to uP = rok The deformation of the bar in relation to the 
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bearings is thus the same in the two cases and the absolute values of the depressions 
vP 


in the second case exceed the values of those in the first case by a quantity 


The corresponding formulae for the case of the bar on a continuous bed are in 
accordance with (8, 23), (8, 244—-c¢) and (8, 25¢—<), 


Fig. 8c. — Bending moment at the point N.B.— Add” \'= 1” to the axis C. 
of application of the force as a function 
of 4 for the continuous case. 


Fig. 9a. — Bending moment at the point of application 


of the force as a function of C for th 


\ 
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A=f (6s 
02 LI G/ Si 10 20 40 =—100 


t the point of applica- Fig. 9c. — Bending moment at the point of applica- 
tion of the force as a function of A for the continuous 


case. 


Fig. 9b. — Bending moment a 
tion of the force as a function of C for Ep = 1/2. 
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TABLE Illa. 


Some yalues of the factor ¥. 


CO 


8.8453 8.3162 


3.0199 2.9462 


1.4859 1.6223 
2 1.4 


TABLE IIIb. 


Some yalues of the factor y. 


0 ee. CO CO CO oe 2/3 +4 5d aft 
3 C 


0.1 5.9310 5.4289 4.8503 4.2426 3.6989 3,4641 

3.7937 3.6509 3.5162 3.4176 3.3873 3.4641 
10 2.9407 3.0130 3.1003 3.2045 3.3259 3.4641 
(oe) PT VA 2.8785 3.0249 3.1713 SOT 3.4641 


For several values of C and } we have calculated the factors | and y and then 


the deflections yp and the moments Mp. This shews the results in Tables II]a-I'V> and 


7 : » have here re ; 4° : : ; V 
figures 67-9, We have here resolved the quantities without dimensions ~” (which 
LL 


\ 


’ Jp , ; y 
equal from (4, 9) C : but not those without dimensions ~” 
v v 
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TABLE IVa. 


Some yalues of the deflection at the point of application of the force aa . 


0 undifined 
- 0.3108 0.4028 0.5208 0.6738 0.8601 1 
0.5444 0.6564 0.7707 0.8785 0.9634 1 
on 0.8425 0.9043 0.9950 1 
1 1 
0) undifined 
: 0.3119 0.4040 0.5220 U.6752 0.8620 1.0066 
IN 0.5697 0.6837 0.8017 0.9154 1.0134 1.0656 
I 1.3434 1.4359 1.5130 1.5747 1.6217 1.6557 
ae 0.7010 + 0.7831 + 0.9140 + 0.9108 + 0.9596 + 1 + 0.0656 C 
0.0656 C 0.0637 C 0.0616 C 0.0630 C 0.0639 C 
= 0 undifined 
2 = 0.8543 1 
Es 1 
22 1 
° 1 
OU 


TABLE IVb. 


Some yalues of the bending moment at the point of application of the force — 


Pl . 


0 CO CO (eo) oo) CO undifined 
= 0.1 | 0.3747 0.3998 0.4165 0.4115 0.3439 0 
| 1 0.1757 0.1741 0.1622 0.1351 0.0859 0 
5 10 0.0507 0.0429 0.0334 0.0228 0.0115 0 
a os) 0 0 0 0 0 0 
0 CO CO (oe) CO CO undifined 
—in | 041 | 0.4159 0.4404 0.4583 0.4582 0.4054 0.1708 
| 1 0.2548 0.2576 0.2540 0.2408 0.2144 0.1708 
10 0.1877 0.1864 0.1839 0.1803 0.1759 0.1708 
ng oe) 0.1708 0.1708 0.1708 0.1708 0.1708 0.1708 
0 C fe © difined 
2 0 CO CO 96) %O CO un 
o3 | o1 | 0.4017 0.4241 0.4385 0.4324 0.3676 0 
Be 1 1760 0.1292 0 
Es 1 0.2259 0.2182 0.2030 0.176 92 0 
22 | 10 | 0.1270 0.0997 0.0804 0.0625 0.04 0 
5 on) 0 0 0 
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In particular : 


erent for fy = 0; 

aP 

3 aes 1 

LG pir gee amet y g (Ofc. ———— 5 and RH10 «22.02 a eee 
uP 64 is 

‘a ==] for the continuous case, 

uP 


b=o, W/C=2%w/2A1—r), pC=0, 


T= iO} /C ==itu ¥ == eae Bs Av = {) 
pe ie 


gf ei) for Ex= 0; 
uP and C= ca, 4 ee ee 
1 
- — 0 for ae ee ee | 
uP 2 
ae = () for the continuous case, 
uP | 
= for £p = 0 and C=, 
uP 
lim Jp zs 
(OS eo) uP 
= = ; (12) 
16 (1+) (7420/3 — A+ 7+5/3+(— 4434/3) A+322]C : 
— + —— —___— or Es =, 
64 (244/342) : 
Vp 1+) , i 
= = — for the continuous case and C = oo, 
uP 24/ 


We have next calculated the deflections and bending moments at various places 
of the bar for the values C = 24/]5, A= 4—, 15, Which relate to point A of figure 3. 


We have here used formulae (8, 12), (8, 13), (8, 242) and (8, 252), in which, 
according to (8, 23): 


‘ a a o< oon 
a=1/3, by = NES 344/15), b= vias = 1S 
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TABLE Va. 


Values of the deflections for the case C — 2 \/ 15, A=4— 4/15. 


Case continuous 


a 0.9129 
+ 0.5734 
+ 0.2154 
“= 0.0533 
+ 0.0044 


Mn “nn nN Nn. 


Soll laces sae ate it ay Ce a a le 
Nn 


nN 


TABLE Vb. 


Values of the bending moments for the case C = 24/15, % = 4 — 4/15. 


— 0.0556 | + 0.0590 0 — 0.1179 

: + 0.0278 2 + 0.0035 0.5 + 0.0072 
2 0 3 0 1 + 0.0182 
3 0 4 0 1.5 + 0.0095 
4 0 2 + 0.0032 
2.5 + 0.0007 

3 — 0.0000 

ee = 3.5 — 0.0001 

4 — 0.0000 

Mp — 0.1910 4.5 — 0.0000 

Pl 5 — 0.0000 

5.5 — 0.0000 
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The results are found in Tables V4, V° 


ye 
Here we have also substituted Sp for P 
and figures 102 and 104. 


=! 


mekpooe ascontinue 
——_——- = métpooe continue 


| 


Méthode discontinue = discontinuous method. — méthode continue = continuous method. 


Fig. 10a. — Deflection and bending moment for C 24) 15, a 4 — 1/15, = 0. 


Finally, we have determined the deflections and bending moments at several points 
of the bar for some other values of C and >. We have selected for this the cases 
4 = 0 and A= | and the values C = 0, 0.1, 1, 10 and oo. In the first case, we have 
used the formulae (7, 4), (7, 5), (8, 23), (8, 242) and (8, 252), except for C = o, for 
which value ¢; — e4 (4, 7) are actual, so that it is necessary to apply the formulae (5, 12) 
and (5, 13). From (4, 2) and (4, 5-7) we obtain : 


0, = + 0, (= — } 
( for A= 0 and C= @,. “ (13) 


&) = 0, €, = —2— 3, 23 =4+0, eg = —24 v/3| 


In order to use formulae (5, 12) and (5, 13) (in which it is then necessary to substitute 


- 
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¢, for €,). We must also calculate the limit-value of C (1+ 4 e,+ ¢,2) for C = o. 


By series development, we find for this quantity : 


lim C(l+4e,+ ¢,2)=C(,+ 6)e, 
C+ oo 


1 ] 242 fore 
-oag 12—C+ C— 12 3 Os rei or A= 0, 

so that we get finally : 
lim C(1 + 4«,-+ «,2) = — 36¢, = 36 (2 — 4/3) TOL a0. 


C>oa 


(14) 


méthode oscontinve 
| 
méthode continve | 


24 een Foes 


~ = continuous metho 
thode discontinue = discontinuous me hod. - méthode continue co 
Mé S t 


= 2/15, 4 = 4 —+/15, & = 
Fig. 10h. — Deflection and bending moment for C = 2/15, % 4 vy p 
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TABLE VlIa. 
Some yalues of the deflection of the bar for 2 = 0. 


0.1 + 0.3108 | + 0.3108 | + 0.2327] + 0.1200} + 0.0320 | — 0.0048 
0 1 + 0.5443 | + 0.5443 | + 0.2451 | + 0.0130 | — 0.0231 | — 0.0083 
10 + 0.8424 | + 0.8424] + 0.1094 | — 0.0328 | + 0.0018 | + 0.0005 

0) ae il j= dl 0 0 0 0 

0 0) 0 0 0 0 0 
1 0.1 + 0.3119 | + 0.2869} + 0.2869} + 0.1712} + 0.0667 | + 0.6089 
2 1 + 0.5697 | + 0.4412] + 0.4412] + 0.0965 | — 0.0199 | — 0.0165 
10 + 1.3434 | + 0.5607} + 0.5607 | — 0.0576 | — 0.0049 | + 0.0019 
CO + 0.7010 + | + 0.6005 | + 0.6005 | — 0.1274 | + 0.0341 | — 0.0091 


+ 0.0656 C 


TABLE VIB. 
Some yalues of the bending moment of the bar for A} = 0. 


Mp Mo M 1 


Pl “Pl P/ 

— — © — 0 — © 
— 0.3747 |— 0.3747 |] — 0.0300] + 0.0817 
— 0.1757 |— 0.1757] + 0.0521 | + 0.0348 
— 0.0507 | — 0.0507} + 0.0281 | — 0.0025 


0 0) 0 


—= OO O00 — © = 9 
0.4159 | — 0.1657 | — 0.1657 | + 0.0472 | + 0.0889 
0.2548 | — 0.0048 | — 0.0048 | + 0.0541] + 0.0166 


0.1877 + 0.0623 | + 0.0623 | + 0.0016 | — 0.0016 


0.1708 | + 0.0792} + 0.0792 | — 0.0212 | + 0.0057 
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We thus deduce from (5, 12) and (5, 13) 


’o Vn Mn 
Neath Canna) pee O07 2.0), for..£ 5.0). 20 and Ce. coan (15) 
uP uP P/ 

: —= 3 Yn —3 3 Mn rye 
v1 AF 10 34 ao a = 9 - le n—l(n = 2), pe 3 - Ww? ey ee = 1) 
uP 8 uP 8 P/ 16 

I 
10 c; = 5? A = Oland, Gz=00,, (15°) 
=O25 


méthooe oscontinue 
~---+— méthooe continue 
if 
| 
| 
| 
| 
| | | | 
| 
| VT 
T T = 1 
| 
BP 
Méthode discontinue = discontinuous method. — méthode continue = continuous method, 
Fig. 11a. — Deflection for the case A = 0, Ep = 0. 


In Tables VI«-VIe are found the calculated values of the deflections and Dae 
moments, which are shewn graphically in figures Lele as functions ne the 
co-ordinates Z. To trace the curve for C = ©0 in the case &) = 0 in figure see 
have calculated y not only for = 9, iP 2, ete., but also for several intermediate 
values of £. This can be done in the following manner. 
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TABLE VIc. 


Some yalues of the deflection and bending moment as a function of the co-ordinate = for the continuous 
case and A = 0. 


0 0 —oo | + 0.3112 | — 0.4017} + 0.5534 | — 0.2259 | + 0.9840 | — 0.1270 0 
0.5 0) — oo | + 0.2868 | — 0.1903 | + 0.4379 | — 0.0423 | + 0.5114 0 0 
1 0 —©O } + 0.2330 | — 0.0495 + 0.2455 | + 0.0333 | + 0.0736 | + 0.0232 0 0 
ie) 0 — oo | + 0.1706 | + 0.0329] + 0.0954 + 0.0466 | — 9.0408 | + 0.0078 0 0 
2; 0 — co | + 0.1136} + 0.0725 | + 0.0122 | + 0.0346 | — 0.0272 ,— 0.0000 0 0 
De 0 — 0o | + 0.0666 | + 0.0835 | — 0.0196 | + 0.0184 | — 0.0055 | — 0.0011 0 0 
3 0 —0o | + 0.0320 | + 0.0775 | — 0.0232 | + 0.0066 | + 0.0015 0 0 
SY) 0 — ©o | + 0.0088 | + 0.0633 | — 0.0162 + 0.0004} + 0.0014 — 0.0000 0 0 
ft 0 | — oO | — 0.0048 | + 0.0467 | — 0.0082 — 0.0018} + 0.0004 + 0.0000 0 0 
4.5 0 — oo | — 0.0115 | + 0.0312 | — 0.0027 — 0.0019 | — 0.0000 + 0.0000 0 0 
5 QO |—oo |— 0.0134 | + 0.0184] + 0.0001 — 0.0012 | — 0.0001 | + 0.0000 0 0 


TABLE VII. 
Some values of the deflection as a function of the co-ordinate = for the case } = 0, C =, areal 


-|- 


05217 “| © 25 0.1098 + 0.0294 — 0.0079 + 0.0021 


+ 0.7252 | — 0.1364 + 0.0366 0.0098 + 0.0026 
+ 0.4678 | — 0.1082 + 0.0290 — 0.0078 + 0.0021 
+ 0.2069 — 0.0533 + 0.0143 — 0.0038 + 0.0010 


0 
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45 
The differential equation for y is according to (3, 1), (3,6) and (37-9) 
d2y dy ™M C M 6uP 
Sh 2° BH ~ PR Pp 
or 
2y M 
pamela ty oelnrhaaien tae elon: pence PAT 
uP d&2 P/ 
However M varies linearly between two bearings, so that we can state : 
M = Ma + (Mast; — Mn) (§ — 2) (n<E<n+1).. oe 8 (17) 
From (5, 12), we also get: cs 
CMo CM, 5 
= /3—1), —m=—vV3ce" (neal), ...-. (18) 
P] (\ ) P] V3 e4 


wy) 


methoge oscontinve 


~——~—— méthooe continue 


: i = i ethod. 
Méthode discontinue = discontinuous method, — méthode continue continuous me 


Fig. 115. — Deflection for the case je — ll Vr a 
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——. metthodle discontinve. 
——-— melhor consinve 


Méthode discontinue = discontinuous method. — méthode continue = continuous method. 


Fig. 12a. — Bending moment for the case A°= 0, Ep = 0. 


+ é + — Swen 
—| méthooe oliscontinve 
|\-——-\me/ook continue 


- 1 


—— 
| | 


= 
Méthode discontinue = discontinuous method. — méthode continue — continuous method. 
Fig. 125. — Bending moment for the case Ouae 1/2. 


=o 
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and thus we find for the differential equation for Lae 


1 dy — 7 33 
=P ga \Gv3 4 F=(4/3—1) | for 0 we coal 5 
1 dy = Oe 
ap a> o(Gv3 4) (€ —n) — 1/3} fori = 6 n= iG 41) 
The limit conditions are: 
“ = ly 
Ofer = 0. p= 0. for. b= n(n =-1,2...), = =4 0) 10t 6 = Og eae (20) 
as 
after two integrations it is then deduced from (19) : 
dy = < = S 
era GS 3— 1)@24 1 for*0'= 
I (21) 


y 
= = 3e((V3—1) E—m— V3 E—nP + E— | 
Gs forn<x&<n+1(n=1). 


We have included in Table VII several values calculated from = il): 


For the case A= 1, the formulae for the deflection and bending moment are 
much simplified. In this case region IV is always valid (see fig. 3) so that it is 
necessary to make use of the formulae (5, 12) and (5, 13) in which : 


aa 7 Be eae: +202) 
Spel, ee 2 7, 2 = 1, eg = =] 24+ V3 

Pp le] 
and then we must substitute <, for <,. In this case, the expression i is indeter- 


minate. It can be calculated, with the aid of (4, 2) as follows : 


2 
lim (=*) lim 210) 


Mii a). he 1 (= 


In this formula, we can substitute 1 for <; in the right-hand side, whilst from (4, 6), 


we get by series development : 
54 4 , Ls 2 3 
—i 
( ) G 


lim 6, Shp lim ee —— = ba 
ja 2.) Radikal heed (iie=eXe 


Be he eee h(a A?) 
gleetily 
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So that we find after calculation : 


lim 1—« = 1 for all values of C. 
hil — Th 


Thus, from (5, 12) and (5, 13) there results : 


as === jl. ae = 0 for &, = 0 and for all values of n and C, 
uP il 
7 (23) 
_- ] 
vie =l, re wires for €) = — and for all values of m and C, 
uP P/ 16 2 


In the continuous case, the region « < 64 is valid for this value of 4; from (9, 23), 
we have here : 


1 eu ' ] ELS 
lim a2 = lim 5a/3CU—%alim by = lim by = b = 5 ae. 
eer ee ee hows ies aN Aa 


» (24) 
3 
lim a2b, = lim a2b; = lim a2b = —C, 
A—> 1 A—> 1 A—> 1 
and then from (9, 24¢) and (9, 25¢) 
; y : 3 Ce—vé 2 Z 
lim on = lim ae: (ch b& + sh b&)=1 for all values of C, 
a+ 
a Ie A> 1 (25) 
; M F 1 e—bé “ : 
lim —=w— lim ——— (ch d&—sh be) =0 for all values of C. 
oie Re alee 


For this value of A, it will be seen that as regards the deflection, at all values of C 


4 A l 
and for €& =O as also for —& = 3 the results of the disconnected method 


~ 


correspond completely with those of the continuous method: this is not so in the 
case of the bending moments. 


10. Conclusions and final notes. 


The method of calculation, which we have set out, can be simplified in its application 
to enable us quickly to determine, in the case of any combination of forces applied 
to the rails, the various deflections and bending moments. For this purpose, it is 
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necessary to calculate numerically for other values of C and % the deflections and 
moments, shewn in Tables V2-VII and figures 10-126. It is necessary also to take 
into account the reaction forces of the bearings. To avoid useless work, however, 


we consider it desirable to wait experience of cases showing the limits between which 
the critical limits of C and 2 vary. 


Since these are unknown, it is not possible to foresee the greatest error which can 
be introduced by the use of the continuous method. However, allowing that in 
general C does not exceed a value of 2, it can be expected that, as regards deflection, 
the differences will never exceed a total of about 10 % when we follow the method 
of comparison of flexible constants described in Chapter 8. 


7 


af py ; = * 
~~ 


>» 9 =e - 
ie (+62 OG = Sy 
run F Dae Di fey ave: 
om Y ae biol 
UF te Paw 989 = 
foe (yas - ‘> 
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Marginal costs — a 40-year old management tool 
for rate fixing on the Swedish State Railways, 


by Arne SJOBERG, M. A. (Econ.), 


Chief Research Economist, Swedish State Railways. 


INTRODUCTION. 


Ever since 1910, special calculations 
of marginal costs of general increases in 
traffic have been used in Swedish rate- 
investigations as a guidance for estima- 
tions of the profitability of variations in 
the rates of various kinds of goods. These 
marginal costs have been termed minimum 
rates. 


Minimum rates of the State Railways 
were first calculated by the Committee 
on the railway rates of 1907 and were 
chiefly based upon the figures of traffic 
and costs of 1910. As these rates, tabul- 
ated and given in Gre per 100 kg over 
various kilometre distances, however, 
correspond only to part of the operating 
costs of the railway, i. e. costs varying 
with traffic (variable costs), freight rates 
must be fixed so much above minimum 
rates that the freight revenues from all 
of the tariffs cover. also the rest of the 
railway costs regarded as constant (fixed). 
Thus minimum rates are no rates in the 
proper sense of the word, applicable for 
customers of the railway, but correspond 
only to certain tabulated costs varying 
with traffic volume and considered ne- 
cessary to know for the adjusting of 
freight rates. 


The principles for calculations of mini- 


2 


mum rates laid down by the above mention- 
ed Committee were in the main followed 
by the Board of Management, when the 
tables of rates of 1929 were prepared and 
when in 1937 an investigation was made, 
which should form the basis for the work 
of the Committee on the railway rates of 
1938. The calculations of rates performed 
by the Committee of 1938 were in the 
main analogous to the investigations of 
1937 and differ as to the method from 
those of the Committee of 1907 only 
in respect to costs of maintenance of way, 
some of which were considered variable 
by the Committee of 1907, while all these 
costs in the depression of the 1930s were 
regarded as constant by the Board of 
Management and the Committee of 1938. 


The minimum rates intended to repre- 
sent the additional costs arising from 
increases in traffic. The earlier calcula- 
tions of these rates have all proceeded 
from an analysis of the accounted costs 
of operation and maintenance of a certain 
year considered representative of a future 
traffic period. According to the cost 
categories of the financial accounting 
and of specially collected particulars the 
costs of that « normal-year » have been 
classified as constant (fixed) or variable. 
While in the calculations constant costs 
have been disregarded, variable costs 
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have been assumed to be proportional to 
certain factors of traffic (operating quan- 
tities), such as gross ton-kilometres, 
car-kilometres, and number of carload 
shipments. In this way a number of 
variable average or unit costs have been 
secured by division of the sums of the 
variable costs of every one of different 
service and working units by the propor- 
tionality factors settled for them. The 
more the assumption of proportionality 
between operating quantities and variable 
costs is true as to traffic increases, the 
better the calculated unit costs will 
correspond to the additional costs of the 
increase. 


In earlier calculations of minimum 
rates the unit costs were grouped under 
the titles of train, switching, car, and 
station costs and further they were 
divided into terminal costs, i. e. costs 
depending upon number of shipments 
and their character, and route costs, i. e. 
costs depending upon haulage distance. 
Terminal costs were composed of station 
costs and part of switching and car costs, 
while route costs comprised train costs 
and part of switching and car costs. 
Starting from the unit costs and special 
assumptions of average traffic structure 
as to empty haulage percentage (per cent 
empty to loaded car-kilometres) and 
empty car percentage (per cent dispatched 
empty to loaded cars), marginal costs 
(minimum rates) of haulage by different 
types of cars, of various loading weights, 
and over various distances, were worked 
out. 


The Committee on the railway rates 
of 1938 calls special attention to the fact 
that the Committee of 1907 presupposed 
that the increase in traffic was of a 
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certain moderate extent and that the 
additional costs changed in the main 
proportionally to the increase. The 
report of the Committee of 1938 says on 
these questions : — In calculating minimum 
rates, the Committee on the rates of 1907 
presupposed that the increase in traffic 
was of a certain moderate extent, thus 
neither too small nor too great. In the 
former case, operating costs were not 
expected to be affected and in the latter 
they were affected too much, so that 
some of the costs, otherwise considered 
fixed, might increase too. Further the 
Committee presupposed that the addi- 
tional costs changed in the main propor- 
tionally to the traffic increase, which 
found expression in the way calculations 
were performed: after thorough ana- 
lysis of their characters all the operating 
and maintenance costs were first divided 
into variable and fixed (constant), after 
which the former were put in relation to 
certain traffic units, such as ton-kilome- 
tres, car-kilometres, switched cars, dis- 
patchings, etc. 


These fundamental assumptions for 
the calculation of minimum rates were 
even at that early stage of a too general 
character and implied an approximation, 
as the Committee also pointed out. They 
could, however, under the circumstances 
be considered practically valid. In fact, 
the most important rate-political question 
was how far certain carload rates could be 
lowered. Therefore there was no great 
importance attached to calculations of 
actual additional costs, but it was deemed 
sufficient to assume that costs considered 
variable increased proportionally to traf- 
fic. As variable items of costs of practic- 
ally relevant changes in traffic in most 


we 


s 


. 


‘supposed to 
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cases vary considerably more slowly than 
the traffic volume, the just mentioned 
assumption of proportionality between 
costs and traffic volume will as a rule 
mean that the additional costs are over- 
estimated. Minimum rates worked out 
on the basis of that assumption must 
therefore in most cases be regarded as 
upper limits of the additional costs of a 
traffic change. Yet the Committee of 
1938, as also the Board of Management, 
has considered that rates thus calculated 
«can serve as guides for the fixing of 
rates and especially for judgements of 
reasonable relations between rates of 
various loading weights ». 


Fundamental elements of cost. 


For pre-calculations, where, as a rule, 
the purpose is to get an idea of the 
probable costs, on special assumptions 
of technique and prices, of a certain 
quantitative and/or qualitative change 
in certain traffic achievements, a charac- 
teristic of the variability of different items 
of cost under given conditions, is indis- 
pensable. The following cost definitions 
have therefore been introduced by the 
Railway Cost Committee of 1942. 

Some categories of cost vary or can be 
vary continuously with 
changes in production volume. These 
are called continuous costs and can be 
proportional, progressive or degressive as 
the relative change in actual costs equals, 
is greater than, or smaller than the 
relative change in production volume. 
Other categories vary by jumps when 
production passes certain points. These 
are called discontinuous costs (« jump » 
costs). Every category can be assigned to 
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one of those two principal types. Under 
the term of variable costs of an assumed 
production change of defined extent and 
direction, performed in a certain use of 
capacity after a certain period of prepa- 
ration and referring to a certain time, the 
categories, that vary under assumed condi- 
tions, are summed up i. e. continuous 
costs plus certain «jump » costs. The rest 
of the «jump» costs are on the other 
hand under these conditions constant, 1. e. 
no change arises in those categories. 


These definitions, continuous costs and 
«jump » costs respectively variable and 
constant costs, will be used in the fol- 
lowing. It seems appropriate to introduce 
special terms to characterize generally 
the qualities of the cost categories from 
the « point of view of variability », and 
other terms to indicate if the categories 
vary in a certain situation or not. 


By total additional cost respectively total 
subtractive cost is referred to increase 


-respectively decrease in the total costs of 


a railway enterprise at a certain closely 
defined increase or decrease in the traffic 
of one or more traffic branches. It should 
be observed that by additional cost of a 
certain change in the traffic of one branch, 
e. g. merchandise traffic (LCL), it is 
referred to an increase in the total costs of 
the whole traffic of a railway — thus of 
all the traffic branches on account of the 
change in the branch concerned (LCL). 
In fact, because some of the means of pro- 
duction are used in common, the traffic 
extent of one branch affects in a degree 
also items of cost directly dependent 
upon other branches, in freight as well 
as in passenger traffic. 

If the change in cost arising from varia- 
tions in a certain achievement is divided 
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by a factor of the same variation (e. g. 
gross ton-kilometres), the additional res- 
pectively subtractive cost per unit is 
obtained. This unit cost of a very small 
traffic variation’ is called marginal cost 
(« upwards » respectively « downwards »). 


The size of the additional respectively 
subtractive cost of a certain change will 
depend upon : 


1. The use of’ capacity that would 
prevail during the relevant period, if the 
proposed traffic change should not occur; 


2. The direction of the change (increase 
or decrease in transport achievements); 


3. The size of the change at different 
times; 


4. The duration of the change; 


5. The duration of the preparatory 
work for the change. 


It can generally be said that the addi- 


tional cost per unit of a traffic increase - 


will be greater than the subtractive cost 
of the corresponding decrease. 


As a rule it can further be said about 
the additional cost per unit:— The 
greater the use of capacity before the 
change, the greater the change, and the 
shorter the duration of and preparation 
for the change—the greater the additional 
unit cost. 


A moderate increase in e. g. merchandise 
traffic may be met without using an 
increased number of cars or staff, while a 
greater increase may require an increased 
number of cars and staff and, if the 
increase is very great, also an increased 
number of locomotives, larger freight 
house rooms, ete. Additional costs will 
of course be greater in the last case. 


JANUARY 1952 


As to the effect of the initial use of 
capacity on additional costs, the rule is 
that an increase based on an already high 
use of capacity may require an increase 
in locomotives, cars, etc., otherwise not 
necessary. Additional costs, will in this 
case be greater than if the initial use of 
capacity had been low. 


If the unused capacity of a production 
element is greater than what is necessary 
for taking up a certain increase, the costs 
of the very disposal of that element are 
constant except for additional deprecia- 
tion caused by augmented use of the 
materials. 


The duration of the change affects also 
the disposals necessary to adjust the 
activity to the traffic variation and thus 
also the size of additional costs. A short 
increase must as a rule be taken up by 
a more intense use of rolling stock, 
although this requires a _ considerable 
rise in need of staff and in empty haulage; 
a longer, equally great, increase can on 
the other hand often be met more advant- 
ageously by procuring more cars and 
perhaps by expanding freight houses; 
by those actions empty haulage and need 
of staff can be reduced. 


As to the effect on additional costs of 


the duration of preparations there is the 


rule: — The longer the period of pre- 
paration — the more advantageous the 
carrying out of the change and the smaller 
the additional cost. 


General methods of present calculations 
of additional costs. 


The present calculations of additional 
(marginal) costs differ fundamentally 


+ 


——_— = 
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from earlier ones performed by the 
Committees on the rates of 1907 and 
1938 and are based upon the general 
methods of cost calculations outlined in 
the report of the Railway Cost Committee 
of 1942 (*). The cost calculations for 
rate purposes aim at a comparison of the 
costs in two different situations, i. e. one 
future hypothetic situation implying a 
certain quantitative and/or qualitative 
change in traffic compared to a certain 
initial situation generally formed by a 
real traffic situation. 


The cost calculations for both situations 
are established on a so-called operating 
planning, resulting in an operating plan 
comprising route, car, train, and loco- 
motive plans and indicating how trans- 
portations shall be performed in actual 
situations by contributions from the 
different means of production of the 
railway. When the initial situation of the 
change is an actual one, the drawing up 
of a special operating plan is of course 
not needed, as there already exists one 
applied to that situation. 


The operating plan of the new situation 
forms the basis for the calculation of the 
costs, which calculation is made in two 
different ways, partly as a budgeted cost 
determination, implying that a budget of 
the new situation is drawn up for every 
cost unit of the railway, partly as a 
statistical cost calculation for the new 
situation. 


(*) Principles and Methods of Cost Calculation 
in the State Railways (Government Investigation 
1949 : 5), Stockholm 1949. 


ARNE SJOBERG : Production and Cost Structure 
of the State Railways (Government Investigation 
1949 : 14), Stockholm 1949. 


had 
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The budgeted cost determination is 
supposed to be made in about the same 
way as the annual budget project for the 
budget-year. For these calculations are 
presupposed the creating of partly a 
central planning organ of the Board of 
Management, partly regional planning 
organs of the different regional authorities 
(districts and sections). 


When the costs of a certain traffic 
situation are to be estimated, the central 
planning organ gives the regional organs 
detailed information and data about 
operating plans, salaries and wages, and 
material prices to be applied to the new 
situation. On the basis of that information 
the regional organs draw up budgets of 
cost for their spheres of activity with 
reference to operating and maintenance 
costs in the new situation. With guidance 
of data- of traffic for the new situation 
received from the central planning organ, 
the regional organs must, however, also 
try to estimate if the capacity of the 
assets in the planning region is sufficient 
for the new traffic. This so-called capacity 
analysis performed in co-operation with 
the central planning organ reveals the 
need of investments in the new situation. 


This method, where the relevant oper- 
ating quantities are determined on the 
basis of the operating planning, must as 
a rule be used for calculations of costs in 
a new situation. It is then presupposed 
that route, car, train, and locomotive 
plans are established in conjunction with 
route regulations, freight transport regul- 
ations, service time-tables, locomotive 
schedules, etc., already in use. But if 
variations are small, e. g. about 5-10 % 
in relation to the initial situation, they can 
be expected to fall within the frame of 
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route, car, train, and locomotive plans 
established for that situation, and then 
planning measures will often be limited 
to slight modifications of one or some of 
the plans. 


By means of a simplified method built 
on certain assumptions of the traffic 
structure, it will in such cases be possible 
to reach, without a complete operating 
‘ planning, a satisfactory determination of 
the relevant operating quantities of a 
new traffic situation. 


This simplified method is built partly 
on the assumption of a constant structure 
of connections for the branch of traffic un- 
der examination, i. e. it is presupposed that 
the carried quantities increase or decrease 
in all connections by the same percentage 
in relation to the initial situation, partly 
on the assumption of a constant transpor- 
tation method, i. e. it is presupposed 
that the freight is in the new situation 
carried by the same type of car, over the 
same distances, and by the same type of 
train as in the initial situation. Both these 
special assumptions are comprised in the 
term of constant transportation structure. 


According to statistical examinations, 
the deviations of the actual development 
from those assumptions are in most cases 
likely to be so small that their effect on 
costs can be disregarded, and yet an 
accuracy can be secured that is quite 
enough for practical purposes. In using 
this method, no regard is paid to 
possible transfers between different types 
of trains and cars. But it is possible to 
pay attention to such changes in the use of 
trains and cars as may follow from varia- 
tions in the haulage order. Rationaliza- 
tions of transportation method possible 
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in reality mean that actual additional 
costs can be expected to be lower than 
those calculated by this simplified method, 
the application of which may thus cause 
actual costs to be over-estimated. 


The traffic volume and cost conditions of 
1945 of the State Railways form the 
initial situation of the additional cost 
calculation presented here (*). A uniform, 
general increase of 10 °% is assumed to 
occur in carload traffic. The traffic volume 
of other traffic branches: passenger 
traffic, merchandise traffic, etc., is on the 
other hand presupposed to be unchanged. 
There should first be worked out average 
additional costs per 100 kg (carload 
freight) of this increase, divided into a 
terminal and a route part, and then there 
should be arranged an additional cost 
table, corresponding to previous minimum 
rate tables and indicating additional 
costs per 100 kg of carload freight over 
various distances. As the increase is 
assumed to be only 10 %, the transporta- 
tion structure will be considered constant. 
It will thus be possible to reach, without 
a complete operating planning, a satis- 
factory determination of the relevant 
operating quantities of the new traffic 
situation. In order to make it possible 
to arrange the additional costs over 
various distances in a table, when cal- 
culations refer to a change in the volume 
of one traffic branch only, there must be 
introduced special assumptions of the 
dependence of terminal and route costs 


(*) A summary of a study by the present 
author printed as part 2, Some examples of mar- 
ginal cost calculations, of ARNE SJOBERG : Pro- 
duction and cost structure of the State Railways 
(Government Investigation 1949 : 14), Stock- 
holm 1949, 
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upon number of shipments respectively 
haulage distance. In this calculation, it 
is therefore assumed partly that terminal 
costs are proportional to number of car- 
load shipments, partly that route costs 
irrespective of the part formed by switch- 
ing costs are proportional to haulage 
distance. 


The additional costs to be worked out 
on those assumptions will be considered 
a satisfactory expression of the actual 
additional costs of this uniform increase. 
Besides it will be possible to use them as 
an approximation to additional costs 
arising from a general but not uniform 
increase in carload traffic, varying be- 
tween ce. g. 5 Y and 15 Y%, but on an 


/O 
average amounting to 10 %. 


If, concerning general changes in traffic, 
uniform or not, more exact statements 
of marginal costs should be necessary, 
a complete operating planning must be 
undertaken. It will then be possible to 
calculate only the tota/ additional costs 
of different changes in the extent of the 
haulage order in various connections 
(haulage distances), etc., but it will not 
be possible to arrange the additional 
costs in tables (minimum rate tables) as 
above giving costs over various haulage 
distances. When special (not general) 
changes in the haulage order are concerned, 
the cost calculation must likewise be 
based upon an operating planning, by 
which the total additional costs of the 
change in view are determined. 


The present calculation of additional 
costs has run like this. In conjunction 
with the distribution of operating and 
maintenance costs between offices, etc., 
according to the financial accounting 
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it has been examined, account for account, 
if costs can be expected to be variable 
as far as this traffic increase is concerned. 
This judgment of the variance of costs 
has mainly been founded on regression- 
statistical examinations. No budgeted 
cost determination has thus been made 
by regional planning organs. 


Unlike previous calculations, this one 
is totally based upon present prices, i. e. 
the salaries and wages and material 
prices of 1945 and that year’s cost of 
procuring such durable means of pro- 
duction, like rolling materials, etc., as 
can be considered to cause variable costs 
when they are used in the production. In 
previous calculations and accounting 
depreciation costs (interest and depre- 
ciation) of durable means of production 
were calculated on the past costs of 
procuring them. 


From this additional cost calculation 
the total additional cost of the increase is 
obtained as a sum of a number of partial 
additional costs of different offices, etc., 
according to the system of the financial 
accounting. On the basis of i. a. regres- 
sion-statistical investigations it is possible 
to estimate if and in what way the change 
in traffic makes the different items of 
cost vary. Such items as cannot be 
expected to increase at all (or perhaps 
only slightly) are to be looked upon as 
constant as far as this increase is con- 
cerned. ‘ The remaining items, the costs 
of which will change, make variable 
costs of the change in view. 


It may be worth mentioning that about 
the same items will be variable in this 
way as would have been the case in the 
minimum rate calculations of the Com- 
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mittee on the railway rates of 1907. In’ 


both calculations way maintenance costs 
and depreciation costs of rails are thus 
variable, although those items do not 
vary in direct proportion to traffic but 
considerably more slowly. As to way 
costs, there is thus an important difference 
between the calculations of the Commit- 
tee on the railway rates of 1907 and 
those of the Committee of 1938. 


The fundamental assumptions of the 
Committees of 1907 and 1938 on the 
proportionality of variable items of cost 
to different operating quantities have only 
exceptionally been used in this calcula- 
tion. The relationship between costs and 
operating quantities, so fundamental for 
the whole calculation of additional costs, 
have instead in many cases been deter- 
mined by regression-statistical analyses 
of material already existing. 


The minimum rate laid down by the 
Committee of 1938 was a weighed average 
cost intended to be applicable to average 
traffic conditions of the whole system and 
was differentiated for carload freight 
only with regard to type of car, box or 
flat, and weight of load, 2.5, 5, 10 or 15 
tons per car. So there was no differentia- 
tion of the minimum rates with regard to 
different operating powers (electric or 
steam operation) and train classes (local 
or through freight train). Such average 
costs must of course be of limited value, 
when it comes to special haulage cases 
differing in one respect or other from 
average conditions upon which the rate 
is based, and in reality most cases prob- 
ably differ considerably from those con- 
ditions. 


It is therefore important that minimum 
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rate calculations should be more differenti- 
ated than they were previously and this 
circumstance has been observed here. The 
calculation of the previously mentioned 
partial additional costs is mainly based 
upon regression-statistically defined func- 
tions of the relationship between costs 
and operating quantities in working units 
as homogeneous as possible as to oper- 
ating and traffic-technical conditions. For 
there would be no sense in working out 
statistical relationship functions for any 
but homogeneous units. If the additional 
cost calculation is drawn up like that, 
a great number of relationship functions 
and partial additional costs are obtained 
and a far-going differentiation is possible 
as to additional costs of different oper- 
ating powers (electric or steam opera- 
tion), unequal gauges (standard- or nar- 
row-gauge), lines of unequally high traffic- 
intensity (i. e. heavy or light traffic), 
unequal empty haulage percentage, ete. 
It will thus be possible to lay down 
a great many formulas for additional 
costs corresponding to the practically 
relevant combinations of operating and 
traffic-technical conditions of reality. 


The purpose of this examination of 
additional costs is, however, not to work 
out all this catalogue cf formulas but to 
give an example of a way of calculating 
the additional costs of a certain combina- 
tion of operating and_traffic-technical 
conditions, in this case the heavily operated 
electric main lines and the large stations 
with specialized distribution of work. 


The setting of primary cost determining 
operating quantities can as to these small 
variations in traffic volume, for which 
the above mentioned assumption of a 
constant transportation structure gives 
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an accuracy quite sufficient for practical 
purposes, be made in a relatively simple 
way and without drawing up a complete 
operating planning. 


As the calculation problem is to com- 
pute probable additional costs of different 
traffic achievements, when carload traffic 
increases by 10 °% compared to the level 
of 1945, it is thus presupposed that the 
conveyed quantities of carload, net-tons, 
in all connections increase by 10 % in 
relation to the initial situation. The 
net-ton kilometres of carload also increase 
by 10 %. 


The number of loaded cars dispatched 
will also grow by 10 °%, as, to judge from 
the traffic experiences of 1943-1945, an 
increase in carload transportations is very 
unlikely to find expression in an essen- 
tially augmented loading of the number 
of cars already conveyed. Thus the 
number of Joaded car-kilometres will- also 
increase by 10 %. 


The number of empty cars dispatched and 
empty car-kilometres can on the other 
hand not be secured so easily, but these 
quantities must be estimated on the 
basis of available experiences. In the 
additional cost formulas they constitute 
empty haulage percentage, 1. e. per cent 
empty to loaded car-kilometres, respec- 
tively empty car percentage, 1. e. per cent 
dispatched empty to loaded cars. 


The number of terminal switchings and 
switchings on route of cars can in this 
case also be expected to increase by 
10 %. As freight trains can generally 
be better used when traffic increases, the 
number of train-kilometres will not grow 
in the same proportion as the number of 
loaded cars but considerably more slowly. 
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When the number of train-kilometres 
in the new situation is calculated, the 
degree of actual use of trains on different 
lines must be considered. 


With regard to their haulage tasks, 
freight trains are divided into direct 
Jreight trains (for exchange of cars between 
two defined stations), through freight 
trains (for exchange of cars between large 
stations on a certain line) and Jocal freight 
trains (for traffic to and from small 
stations). Direct and through freight 
trains, in the following comprised under 
the latter term, stop at large stations only 
and are operated over long distances. 
Local freight trains generally stop at all 
the small stations, where their locomotive 
is used for required switching of cars. 
The train staff assists that of the station 
with occurring switching and also with 
unloading and loading merchandise traffic. 


Owing to their long stops, the operating 
speed of local trains is very low, 10-15 
km/h, compared to that of through 
trains, 35-45 km/h. 


Local trains are only operated over 
fairly short distances and their use is 
mainly limited to such freight as has 
necessarily to be conveyed by them, while 
all the rest of the traffic is handled by 
through freight trains. As a rule far-away 
cars to or trom small stations thus move 
on local trains only to or from the nearest 
large station where through trains stop. 
For that reason the schedules for the main 
lines contain one regular local train in 
each direction a day and a number of 
regular through freight trains adjusted to 
the need on every particular line. 


Train movement is thus adapted to 
traffic volume by increases or decreases 
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in the number of through freight trains 
on the line in view, while the number of 
local trains is constant. But a traffic 
increase, measured in gross ton-kilo- 
metres or car-kilometres, can naturally 
cause local trains to increase in length and 
weight (number of car-kilometres per 
train-kilometre respectively gross ton- 
kilometres per train-kilometre). As the 
number of /ocal trains is constant, inde- 
pendent of the extent of traffic, the costs 
of these trains are mainly constant, when 
traffic changes occur. It is therefore 
justifiable to consider that variable costs 
of this increase arise only when it is a 
question of through trains. The aug- 
mented gross transport work for carload 
freight, measured in car-kilometres and 
gross ton-kilometres can be taken up and 
carried out partly by a greater number of 
through freight trains (i. e. an increase 
in train-kilometres of through freight 
trains), partly by greater weights of trains 
(i. €. an increase in gross ton-kilometres 
per train-kilometre of through freight 
trains). 


Statistical examinations of relationships 
between gross ton-kilometres and train- 
kilometres on the main lines during the 
last few years, show that a 10 % increase 
in gross ton-kilometres causes some 8 % 
increase in train-kilometres, which implies 


an increase in train weight of about 2 °%. 


Additional costs of operation 
and transportation. 


The present calculation of additional 
costs shows i. a. the difference from that 
of 1938 that the very distinction of varia- 
ble items of cost of the actual increase 
is built on relationship functions, where 
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the respective item has been put in 
relation to the cost determining primary 
operating quantities (train-kilometres, 
gross ton-kilometres, car-kilometres, num- 
ber of dispatched cars, number of ship- 
ments [freight waybills], number of 
attached and detached cars). On the 
basis of these cost relationships there can, 
for different cost items, be calculated 
partial additional costs per unit of operating 
quantity, here called additional operating 
costs, arising from variations in the 
extent of operating achievements these 
being measured in the primary cost 
determining operating quantities just men- 
tioned. 


Starting from these partial additional 
operating costs together forming the 
total additional cost of the increase, and 
after introducing special assumptions of 
the use of rolling stock, etc., additional 
costs per unit of transport service can be 
calculated (Gre per weight unit of load over 
various distances). These quantities will 
be called additional transportation costs. 


By calculating partial additional costs 
a better knowledge is obtained of the 
relative significance of different cost 
elements in the main groups of cost, than 
what was previously possible. By this 
specification of cost elements it is further 
easy to estimate the effects of changes in 
the level of salaries and wages and 
material prices on total additional costs. 
By the accounting of partial additional 
costs it will finally, after certain adjust- 
ments, in many cases be possible to use the 
present additional cost figures also for cost 
calculations referring to traffic changes 
of short effect. In some traffic situations 
it may thus be possible to take up small 
increases in traffic without increases in 
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movement, staff, or maintenance and 
depreciation costs of locomotives. In 
such cases these items of cost are therefore 
not to be regarded as partial additional 
costs but as constant ones. Similarly 
maintenance and depreciation costs of 
cars may in a certain situation and at a 
certain traffic increase be considered 
constant. In that way a considerable 
differentiation and adaptation of addi- 
tional cost calculations to conditions in a 
number of special cases can be performed. 


Arranging of additional operating costs. 


For calculations of additional costs 
arising from the traffic variation concerned, 
it is referred to the memorandum of the 
author in Appendix 2 of the Report of 
the Railway Cost Committee of 1942. 


In its summing up of calculations of the 
cost elements here termed additional 
operating costs the Committee on the 
rates of 1907 pointed out that from 
examinations of different items it was 
evident that railway costs were mainly 
variable and — within the limits of 
examination — proportional to one of 
the following operating quantities. 


Number of train-kilometres of different 
categories of trains; 


Number of gross ton-kilometres of 
different categories of trains; 


Number of switchings, terminal or on 
route, of different types of cars; 


Number of car-axle-kilometres (or car- 
kilometres) of different types of cars; 


Number of loaded or empty cars dis- 
patched; 


Number of tickets sold; 
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Number of shipments of registered 


luggage or of goods of various kinds, 
or their weight. 


In the first place the Committee put 
together costs considered variable into 
four main groups, namely train, switch- 
ing, car, and station costs. 


By train costs were understood such as 
were proportional either to train-kilome- 
tres or to gross ton-kilometres of different 
categories of trains; switching costs were 
proportional to number of cars attached 
and detached; car-costs to car-kilome- 
tres or to number of cars dispatched, and 
Station costs (including costs of printing of 
tickets, and control and allocation of 
ticket fares and carriages) to number of 
tickets sold or to number of freight 
shipments or their weight. 


As these definitions of several catego- 
ries of unit costs do not seem to make 
the description clearer, they have here 
been abandoned except for « switching 
costs >>. 


With regard to the cost determining 
operating quantities the partial additional 
costs have instead been grouped into train- 
kilometre costs, gross ton-kilometre costs, 
car-kilometre costs, etc. « Switching 
costs » are here not used in the restricted 
sense that they shall necessarily be pro- 
portional to number of cars attached and 
detached. In calculating them it is how- 
ever, for want of intimate experience of 
their character, necessary to start from the 
same simplified assumption as did the 
Committee of 1907, i. e. that they are 
proportional to number of cars attached 
and detached. 


The partial additional costs included in 
switching costs are : 
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Ore per 
switching 
hour 
1. Locomotive staff . 924 
2. Electric power . . 64 
3. Depreciation costs of locomotives. 405 
4. Compounds for oiling and ae 
locomotives. . . : 35 
5. Maintenance of locomotives . ae 146 
(hy VeioheaintS MaoNRS Sauls 5 = 4 5 eo 52 
Sum . 1 626 
Ore per car 
attached 
and 
detached 
11. Station service costs... 62.5 


As appears from this table switching 
costs have in the first place been calculated 
as pure temporal costs, except for unit 
costs of station service under point 11, 
which have been directly related to number 
of cars attached and detached. 

_ Number of cars attached and detached 
per switching hour appears from this 
table : 


Number of cars 
attached and 


detached 
per switching 
hour 
6 larger stations 42.0 
101 stations 14.8 
107 stations 18.7 


With guidance of these figures it has 
been considered reasonable to count with 
18 cars attached and detached on an 
average per hour. From that value and 
the before mentioned partial additional 
costs the following switching costs are 
obtained per car attached and detached : 
Switching costs per car attached and 

detached, 6re (electric operating ). 


Partial additional 
costs as above 


1-6 (Locomotive staff, etc.) . 90.3 
11 (Station service costs) 62.5 
Sum of switching costs. . .— 153 
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Tables of all the partial additional 
costs of electrically operated through 
freight trains will be found below; these 
costs having been grouped with reference 
to operating quantities considered cost 
determining — train-kilometres, car-kilo- 
metres, gross ton-kilometres (of cars), 
number of cars dispatched (loaded respec- 
lively empty), number of shipments of 
carload freight and number of cars 
attached and detached. 


I. Additional operating costs in 6re per train- 
kilometre. (Corresponding costs in Ore per 
gross ton-kilometre have been put down in 
brackets.) 


1. Locomotive staff. . . 34.6 (0.044) 
2. Electric power (*) 6.2 (0.008) 
3. Depreciation costs of loco- 


motives . 16.6 (0.021) 


4. Compounds for ’ oiling and 


polishing locomotives 3.7 (0.005) 
5. Maintenance of locomotives. 14.6 (0.018) 
6. Engine house service. . . . 5.2 (0.007) 
11. Train dispatching . . . . . 20.7 (0.026) 
13. Contact-wire Rate se 2 1.2 (0.002) 


Sum I. - 102.8 (0.139). 


Il. Additional operating costs in Ore per gross 
ton-kilometre (of cars). 


. Electric power. 0.014 
. Depreciation costs of rails ? 0.042 
Maintenance, watching and pa- 
trolling of way 2. eke Se ty Ry 
Sum Il. 0.081 


Ill. Additional operating costs in 6re per car- 
kilometre. 


Box car Flat car 
2. Electric operation . 0.24 0.24 
7. Maintenance of car- -axles . 0.32 0.18 
8. Car service and supplies . 0.60 0.61 
10. Maintenance of car bodies. 0.08 0.08 
Depreciation costs of cars. 0.33 0.18 
Sum ITI LS? 1.29 


(*) Costs of oie power have been assigned 
partly to I, partly to Il and III. 
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IV. Additional operating costs in dre per car dispatched. 


Box car 


Flat car 


Diss | Dis | 
patched 
empty 


patched 
loaded 


Maintenance of car body 


Depreciation costs of cars. 


Resup- 
plying 
for 
new load 


| Resup- ' 


Dis- 
patched 
loaded 


Dis- 
patched 
empty 


plying 
for 
new load 


Sum IV 


Y. Additional operating costs in dre per shipment 
(freight waybill). 


Bie Station service costs. 5+. . .°. . 273 
Staff costs of Control office. . . . 36 
ee Nie ee 809 


VI. Additional operating costs in Gre per car 
attached and detached. 


1-6 and 11. Switching costs ..... 153 

Calculation of additional transportation 
costs on the basis of additional operating 
costs and certain special assumptions. 


The special assumptions required to 
make it possible to calculate, on the basis 
of additional operating costs, the final 
additional costs of the very net transport- 
ation work (6re per weight unit of load 
carried over various distances) can first 
be divided into the following three main 
categories : 

1. Assumptions of the use of rolling 
stock. 

2. Assumptions of the number of 
switchings on route over various dis- 
tances. 

3. Assumptions of the number of cars 
per shipment. 


The assumptions of the use of rolling 
stock can be grouped in these two main 
categories : 


la. Assumptions of the use of traction 
power of trains. 


1b. Assumptions of the relative dis- 
patching and haulage of empty cars (empty 
car percentage, empty haulage percent- 


age). 


la. Use of traction power. 


The increase in gross ton kilometres (x) 
arising from the traffic increase is denoted 
by Ax, and the increase in train-kilo- 
metres (vy) by Ay. The additional oper- 
ating costs according to point I of the 
preceding account (train-kilometre costs) 
can be «transformed » to additional 
operating costs counted per gross ton- 
kilometres by multiplying train-kilometre 


Ay 
costs by the quotient of ses 
oe 


x 
The quotient of 
V 


gross ton-kilometres 


i.e ae 
train-kilometres 


gives the average weight of trains. If it 
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is assumed that there is direct propor- 
tionality between train-kilometres and 
gross ton-kilometres — the average weight 
of trains is in other words assumed to be 
unchanged, although traffic increases — 


A 
then ae will equal 4 (= the inverted 
jie, 3 x 


value of the average weight of trains). It 
has, however, in this analysis not been 
presupposed that the average weight 
would be unchanged, but that the traffic 
increase would partly be met by an in- 
crease in the (average) weight of trains. 


Ny 
The quotient ae is thus supposed to 
x 


be smaller than - 
xe 


For the calculation of the quotient of 


x the relationship between the oper- 
ating quantities of train-kilometres and 
gross ton-kilometres of through freight 
trains have been examined for several 
electric lines during 1935-1946. The 
regression, equation yn = Gn + bn Xn 
denoting the relationship between train- 
kilometres (y,) and gross ton-kilometres 
(Xn) on the line n, has been worked out 
for several lines on the basis of statements 
of train-kilometres and gross ton-kilo- 
metres of different years. The obtained 
regression coefficients by, have been arran- 
ged in the table on the next page in which 
the length of the lines and the quotient of 


train-kilometres 


of 1945 (= the 


gross ton-kilometres 
inverted value of the average weight of 
trains in 1945) are also given. 


To secure an average value of the re- 
gression coefficients of different lines the 
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former have been weighed together, 
partly with train-kilometres, partly with 
gross ton-kilometres as weights, and 
in both cases the average value has shown 
to be b = 0.00126, which in the present 
analysis has been used as a value of the 


, 


A ) 
quotient of <= for the transformation 
1h e's 


of train-kilometre costs into gross ton- 
kilometre costs. As a comparison it can 
be mentioned that, if direct proportion- 
ality had been assumed between train- 
kilometres and gross ton-kilometres, the 
quotient just mentioned would have 
amounted to 0.00150, the average weight 
of the trains being that of 1945 (667 
tons). This value is 19 °% higher than the 
one calculated on the basis of the regres- 
sion analysis (0.00126). 


Applying the value of b = 0.00126 
the transformation of train-kilometre costs 
into gross ton-kilometre costs gives a cost 
of (0.00126 « 102.8 =) 0.130 Gre per gross 
ton-kilometre. 


1b Empty car and haulage percentage. 


For the calculation of additional trans- 
portation costs there must also be intro- 
duced certain assumptions of empty 
haulage of cars. The percentage of empty 
to loaded car (—axle)-kilometres is 
generally called empty haulage percentage. 


From train reports are obtained state- 
ments of car-axle kilometres of individual 
lines, which are specified monthly for box 
and flat, loaded and empty cars. In this 
way empty haulage percentage can be 
calculated per month and line for box 
and flat cars. 


The Committee on the railway rates 
of 1938 calculated with an empty haul- 
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age of 40 % (for box as well as flat cars). 
The average empty haulage of the whole 
system amounted in 1938 to 44 % and in 
1945 to 32 %. In August 1945 the percentage 
was 40 for flat cars and 15 for box cars. 

When calculating additional costs ac- 


See | Damen (awe teen toe 

LINE of line kere coeffi- observa- | electric 

in 1945 5 ie cient sion opera- 
ee cal bn of by tion 
Stockholm C-Hallsberg 201 0.00158 0.00132 35—46 26 
Hallsberg-Falképing C. 144 0.00154 0.00120 35—46 26 
Falk6ping C-Goéteborg C 114 0.00155 | 0.00126 35—46 26 
Jarna-Mjolby . 195 0.00165 | 0.00157 35—46 32 
Mjolby-Hassleholm . 274 0.00144 | 0.00118 35—46 33 
Hassleholm-Malm6 C . 83 0.00189 | 0.00170 35—46 33 

Krylbo-Mjélby . . 253 0.00140 } 0.00113 35—46 32--34 
Katrineholm-Aby , 41 0.00192 0.00144 35—46 32 
Falkoping C-Na4ssjo . 113 0.00161 0.00138 35—46 32 

Malm6 C-Halmstad C. 148 0.00164 | 0.00108 36—46 34—35 
Halmstad C-Gé6teborg C. 152 0.00156 | 0.00093 37—46 36 
Charlottenberg-Laxa. 212 0.00157 0.00120 38—46 37 
Stockholm C-Krylbo 161 0.00144 | 0.00131 35—46 34 

Krylbo-Ljusdal . 220 0.00133 | 0.00123 37—46 35—36 
Ljusdal-Ange : 106 0.00144 | 0.00128 37—46 36 
Ange-Briicke ; 31 0.00134 | 0.00120 40—46 39 
Bracke-Ostersund C. 71 0.00173 | 0.00139 | 40—46 39 
Bracke-Langsele. 131 0.00125 | 0.00116 | 40—46 39 
Uppsala C-Gavle C. 132 0.00165 | 0.00143 38—46 37 

All electric lines (*). 4 595 0.00150 
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cording to the formulas for additional 
transportation costs laid down in the 
following, there can be introduced alter- 
native assumptions of increase in empty 
haulage, given in car-kilometres of empty 
cars, caused by an increase in carload 


(*) Average length of electrically operated lines in the year. 
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traffic, given in car-kilometres of loaded 
cars. The quotient of increase in kilometres 
of empty cars and increase in kilometres 
of loaded cars, given in per cent, is in 
these formulas denoted by p %. 

As has been mentioned above, the 
quotient of number of empty and loaded 
cars dispatched was also among the 
assumptions for the calculation of mini- 
mum rates of the Committee of 1907. 
This quotient (expressed in per cent) is 
called empty car percentage. Between 
empty haulage percentage, empty car 
percentage and average haulage distances 
of loaded and empty cars respectively, 
there is the relation : 


Empty car percentage 


Empty haulage percentage oe 
Average haulage distance of loaded cars 


Average haulage distance of empty cars. 


For the definition of empty car percent- 
age and average haulage distance of empty 
cars, it is appropriate to start from such a 
definition of the haulage of an empty car 
that the whole course from the dispatching 
of the car from the unloading station to 
its arrival at the new loading station is 
comprehended in it. 

As when empty haulage percentage is 
concerned, it is in this calculation of 
additional costs possible to count with 
alternative values of empty car percentage, 
in the formulas below denoted by gq. 
The values of the quantities of p and g 
should of course be chosen so that the 


quotient of : 
p 
the mentioned « empty car formula ». 


will be consistent with 


2. Switchings on route. 


By terminal costs are in these calcula- 
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tions understood variable costs arising 
in connection with treatment of the 
freight partly at the dispatching station 
(until the car is attached to the train), 
partly at the destination station (from the 
point when the car is detached from the 
train). Remaining variable costs are 
regarded as route costs. Of additional 
costs mentioned in the tables of partial 
additional operating costs, train-kilome- 
tre, gross ton-kilometre, and car-kilo- 
metre costs (point I-III) are classified 
only as route costs, while all the car- 
dispatching and shipment costs (point IV 
and V) are terminal costs. Switching 
costs (point VI) are, on the other hand, 
included in both route and terminal costs. 

The last-mentioned costs arise partly 
where a car is dispatched and received 
(terminal handling), partly where it is 
transferred to another train on its way 
to the destination station. The former 
are terminal costs, while the latter, which 
increase with haulage distance, are route 
costs. 

The Committee of 1938 assumed like 
that of 1907 that number of on route 
car-transfers was directly proportional to 
length of way. For loaded cars (box and 
flat) was assumed one transfer (*) for 
every 163 kilometres, i. e. 0.00614 trans- 
fers were assumed to occur for every car- 
kilometre. For empty cars, on the other 
hand, transfers were assumed to occur 
only for every 294 kilometres, correspond- 
ing to 0.00340 transfers per kilometre. 
(The lower frequency for empty cars 
depends upon the committee’s using 
another definition of empty haulage than 
the one applied here.) 


(*) One transfer corresponds to two switchings 
on route (one detachment and one attachment). 
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Number Number Number 
Haulage distance km of observed of transfers of transfers 


loaded runs per car per km (and car) (*) 


0.018 
0.021 
0.010 
0.010 
0.010 
0.009 
0.015 
0.009 
0.008 
0.008 
0.010 
0.008 
299 64 0.007 
399 0.006 
499 0.005 
599 0.004 
699 ; 0.004 
799 : 0.004 
899 0.004 
0.004 


— 999 


0.003 
1000 — 1 499 


max. 0.003 


1500 — 


Sum . 


he values in this column there has been calculated with a distance corres- 


OE ail gaia a if the respective distance intervals (5, 15, 25 km, etc.). 


ponding to the middle o 
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The assumptions of the Committee of 
1938 were built on a special investigation 
of the freight-car movement during the 
period 15th-31st of October 1934. Number 
of transfers (and number of observed for- 
wardings of cars) was reported distributed 
among different haulage distances as is 
shown in the table above. 


Those observations of 1934 can appar- 
ently not be interpreted so that number 
of transfers would be directly propor- 
tional to length of way. The value used 
by the Committee of 1938 — about 0.006 
transfers of loaded cars per kilometre — 
which corresponds to the ratio between 
total number of transfers and number 
of car-kilometres of observed runs of 
loaded cars, causes an overestimation of 
number of transfers for distances over 
400 kilometres and an underestimation 
for distances under 300 kilometres. 


In the following formulas for addi- 
tional costs number of switchings as a 
function of haulage distance x (kilo- 
metres) has been denoted by S (x). The 
actual relevant assumption of the number 
of transfers can thus be introduced into 
the practical calculations. 


3. Number of cars per shipment. 


The ratio between number of dispatched 
loaded cars and number of shipments 
(dispatchings or freight waybills) is rele- 
vant for the calculation of dispatching 
costs (cf point VI in the following table). 
A calculation of this quotient has been 
made for April 1947 on the basis of the 
primary material of current statistics 
of carloads. 


It is mainly when it is a question of 
bulk freight that a shipment refers to 
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several cars. An arrangement of different 
goods groups according to number of 
cars per shipment gives the following 
table. (See next page.) 


At present there are no examinations 
available of the increase in dispatching 
costs, when the number of cars per ship- 
ment increases. Experience shows, how- 
ever, that these costs increase very slowly 
in such cases. According to present 
regulations 5 cars can at the most cons- 
titute one shipment, i. e. be put down 
on the same freight waybill. 


With regard to the relative constancy 
of dispatching costs, when number of 
cars per shipment is changed, these costs 
can in the calculations be assumed to be 
equally great of all carload shipments 
independent of number of cars dispatched. 


In the formulas for additional costs 
number of cars per shipment has been 
denoted by n. 


4. Formulas for marginal transportation 
costs. 


Besides the assumptions under 1-3 
above of the use of the capacity of trains 
and cars, statements of tare weight of 
used cars are also required for calculations 
of marginal (additional) transportation 
costs, As calculations of additional 
operating costs have at least in principle 
been based upon a model of calculation, 
where only standard cars have been 
presupposed to be used and procured to 
meet the assumed traffic increase, it 
follows that tare weights of standard 
cars, namely /4 tons for box cars and J] 
tons for flat cars, must be used also when 
additional transportation costs are cal- 
culated. These data are to be regarded as 
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technical constants and are logically to cars in traffic. The latter Committee thus 
be classified to quite a different category proceeded from a tare weight of 10.9 tons 
than figures forthcoming from the as- of box cars and 9.2 tons of flat cars. 

sumptions 1-3 above. In building up The formulas below for marginal trans- 
minimum rates both the Committee of portation costs refer to carload transport- 
1907 and that of 1938 used average tare ations with a loading weight (net weight) 
weights obtained from observations of of w tons per car. Actual loading weights 


Number of Number Number 
GOODS GROUP dispatched of of cars 
cars shipments | per shipment 

Pere, ot pr iapland) .§. .... . 9. 3 «. ; 3119 4.6 
Jee Mots (DLT WR es 2 874 2.6 
sme. Chane and minerals, 29.9) 5. 6. Sk; 2 743 2.0 
Saw chips, wood-wool, etc... .......... 1 549 eS, 
Darter meme! rah s, Oe . 2 gg ke am ee oe 1.8 
Mimenalecoml and COKE. 2 2 eee sk 8 ee Loy 
Pipe (Cl ANG SLAP fo Ss ws ke we } il ,0/ i 
PSN SEAM aE Os Ss 5) barge en ia ie y) 1.6 
SATE MLC et ee ese ee es Ne i) 1.6 
Various vegetable products ........4+.. 2 155) 
REAM. DCA PIGUUCIS Nz 0's) 3 «+ oe veh ee 15 
SURE COTTE tee rte ae Pe a IRS 
Earth, clay, gravel, sand, building lime ...... (IF) 
Forgeable iron, plate, roller thread. ....... 1.4 
Mineral oils (burning and lubricating) . 1.3 
Rubber and rubber products .......---.--. Z ibe 
Other metals and metal works. . ibe} 
Paper wood and pitprops. . 123 

ie 


Pasteboard, incl. fibre plates, paper 


an 1.25(* 
Other goods groups less than (*) 


(*) Except for transportations for the defences and haulages of railway vehicles. 
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per car can thus be introduced into the 
formulas. 


In practical use of these formulas meant 
for rate purposes, there should in the first 
place be calculated marginal costs of the 
lowest weights to which the different tariffs 
of 2.5, 5, 10 and 15 tons are applied, viz. 
2.5, 5, 10 and 15 tons per car respectively. 


The following symbols will be used 
in the formulas for marginal costs : 
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Marginal costs in Ore per car 


Terminal costs of box cars. Ty (q, n) 
Terminal costs of flat cars. Tr (g, ”) 
Route costs over a haulage dis- 

tance of x km of box cars. Rz (w, X, Ps @) 


Route costs over a haulage dist- 
ance of x km of flat cars . 


Rf (w, x, P, g,) 

The different groups of partial marginal 
costs forming terminal respectively route 
costs of haulage of a car over a distance 
of x km have been arranged in the fol- 
lowing tables. 


Haulage distance x kin ; 
From these tables there can be derived the 

Loading weight per car . w tons ; 
5 on a following formulas (see page 71) for calcul- 

AEDT Rania eC) Dereon aee re” Pr ating marginal costs per car of the State 
Empty car percentage. . . . . q % Railways of terminal handling respectively 
Number of switchings over a haul- haulage of carloads in box or on flat cars 

age distance of x km . S over a distance of x kilometres by e/ec- 
Number of cars per shipment. . n trically operated through freight trains. 

& Terminal costs in Ore per car. 


Marginal costs according to pages 62-63 


IV. Car dispatching costs : 
loaded car . ; 
empty car, dispatched. 
empty car, re-supplied for new load . 
. Shipment costs . 
. Switching costs (terminal switching) : 
loaded car. 


empty car . 


Sum of terminal costs. 


Box car | Flat car 


“OLY eae 


(q, n) 
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Route costs in Gre per car over a haulage distance of x km. 
Marginal costs according to pages 62-63 Box car Flat car 


. Train-km costs (*) : 
lonG@edveare¢ 2... 2 SoS Sg 2s. (w+14) - 0.130. x (w+11) + 0.130 + 


- ee Age > ett ; 
PEED GOE tei, cee) SRP Hh eh eal i 14+ 0.130 +x 100 Lt O30 
. Gross ton-km costs : ' 
Ine Gar eS Maye Gry 8 ae L (w+14) - 0.081 - x (w+-11) + 0.081 - 


p 


empty car . tk 


14+ 0.081 - x 
. Car-km costs : 

loaded car. 

empty car . 
. Switching costs (switching on route) : 

loaded car. ee 

empty car. 


100° 


Darcie POVNE BOSS Sgt Ss, ke Me Ps ha Rf (w, x3; p, 9) 


(*) Converted into gross ton-km costs. 


309 q 
= 1275 tS 28 
Tp (qg, n) 1278 + : 100 
ae, q 
Tr (gq; n). = 1109 -- a + 100 


Is (x = s(? | 
306 P (x) 4 ae j 


ne DG eles 
Ry (wv, ee, q) =- 3.6 t a e nai I O21 " Xx 
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The marginal costs per 100 kilograms of laading weight of box respectively flat cars, 
MC» respectively MCy, over a haulage distance of x km, can be given in these two 


formulas : 
MC; = 


MCr = 


On the basis of these formulas for 
additional transportation costs it is poss- 
ible to calculate marginal costs per 100 kg 
of loading weight for variously combin- 
ated assumptions of types of car, loading 
weight, haulage distance, empty traction 
percentage, and empty car percentage. 
The marginal costs for various haulage 
distances calculated for a certain combin- 
ation of assumptions — e.g. box car, 
2.5 tons, empty traction percentage 40, 
empty car percentage 70 — can then be 
grouped together into a table similar to 
the previous minimum rate tables. As, 
however, the number of combinations of 
assumptions is considerable, the collected 
tables would be very numerous, if all 
relevant combinations were tabulated. 
Such a number of tables will not be very 
surveyable, and it would certainly be fairly 
time — consuming to obtain the marginal 
cost for an actual case from them. To 
make a swift marginal cost calculation in 
actual cases possible and to facilitate a jud- 
gement of the effect on marginal costs of 
changes in loading weight, empty traction, 
etc., the final outcome of the calculation 
has therefore been arranged in nomograms 
referring to terminal and route costs for 
flat respectively box cars. By help of these 
nomograms marginal costs per 100 kg of 
loading weight can be read off swiftly 
and in a simple way for various combin- 
ations of assumptions of loading weight, 
empty traction, ete. 


1 
[Ts (q, m) + Re (Ww, x; p, Ql - rae (box car) 


10) 


1 
ly (np W-e Rei, &s Pa oe (flat car) 
; 


NOMOGRAM FOR MARGINAL HAU- 
LAGE COSTS OF CARLOADS IN 
1945. 


Rules of interpretation 
Leading line = ———---——--—- — 


Auxiliary line = 


As to both terminal and route costs 
you should start from the left edge of the 
left field, go horizontally to the required 
auxiliary line, vertically to the leading 
line, and then horizontally to the re- 
quired auxiliary line of the next field, 
vertically to the leading line, etc., until 
you meet the scale of cost in the right 
edge. When, in that way, terminal and 
route costs have been determined separ- 
ately, they should be added up, thus 
composing total marginal costs in dre per 
100 kg of the haulage concerned. 

The nomogram for route costs includes 
haulage distances from 30 up to 300 km 
but can be used also for cost calculations 
for transportations over and under these 
limits. For distances under 30 km the 
actual distance should be multiplied by 10, 
the nomogram be read off, and the result 
divided by 10. 

For distances over 300 km the actual 
distance should be divided by 10, the 
nomogram read off, and the result 
multiplied by 10. 


WW 
; oy eat i" 


Marginal haulage costs of carloads in 1945 
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OBITUARY. 


Axel GRANHOLM, 


Former General Manager of the Swedish State Railways. 
Former Member of the Permanent Commission of the International Railway Congress Association. 


On the 6th July 1951, there passed away 
at the age of 79 years, Mr. Axel Granuowm, 
former General Manager of the Swedish 
State Railways and former Member of the 
Permanent Commission of our Association. 


Mr. Graynotm was born on the 19th Au- 
gust 1872. He matriculated in 1890 and 
entered the Stockholm Polytechnic School, 
where he obtained his civil engineering 
diploma for Roads and Bridges. 

Mr. Granuoitm entered the service of the 
Swedish Railways in 1898. ‘This date 
coincided with the construction of the line 
from Géallivare-Kiruna to the Norwegian 
frontier, an extension of the Lulea-Boden- 
Gallivare line and this work was the begin- 
ning of Mr. Granuotm’s distinguished ser- 
vice of nearly forty years on the Swedish 
Railways. The construction of this railway 
line in the isolated mountainous regions 
of Lapland, away in the Artic regions, cer- 
tainly represented a difficult task and the 
way in which he carried it out earned him 
a great reputation as a skilful and energetic 
director of labour. 

After having directed the construction of 
other lines during the period between 1903 
and 1910, Mr. Graxnorm was charged with 
the important task of building the dam 
and hydro-electric plant at Porjus, which 
has an underground machinery room. ‘The 
successful issue of these undertakings 
brought him to the notice of the Govern- 
ment and added to his reputation. It was 
therefore no surprise to those who appre- 


i 


ciated the qualities of Mr. Grannotm as a 
leader, when the post of General Manager 
of the Swedish State Railways, which 
became vacani 1n 1913, was offered to him. 
He was then forty one years old, which at 
that time was considered young ‘to take 
on a post with such heavy responsibilities. 

Already during his first years as General 
Manager, he had to run the railways at a 
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time when heavy burdens were placed on 
railways by the first world war, which was 
marked by a very great increase in the 
traffic, a considerable increase in the staff 
and administrative organization, as well as 
by constant increases in operating costs. 
In spite of the troubles and vexations due 
to the war, he worked energetically, fully 
conscious of the object to be attained, 
which was to put the railways on a com- 
mercial standing. ‘To do this, he was at 
constant pains to raise the technical stand- 
ards, both as regards the permanent way 
and the rolling stock. With a clear vision 
of the economic importance of electrifica- 
tion, he did everything possible to elec- 
trify those lines suitable for this method 
of working. Consequently when he retired 
in 1937, 42 % of the State railways were 
completely electrified. 

Originally Mr. Granpuotm had no exces- 
sive fear of road motor competition which 
after 1920 became ever greater and greater. 
But as the situation became clearer and the 
Swedish Railways began to feel the 
need to fight such competition, he did 
everything possible to equip the railways 
with motor services on the one hand, by 
opening up new routes, and above all, on 
the other hand, by buying out private 
motor undertakings, and during his mana- 
gement, the Swedish State Railways had an 
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important motor traffic. Not only during 
his management but also after his retire- 
ment, the Government entrusted Mr. Gran- 
HoLM with many vital missions, in connec- 
tion with transport, the supply of electricity, 
and administrative organization. 

In his railway policy, Mr. GranpHOLM was 
fully aware of the importance of maintain- 
ing good relations with the other Nordic 
countries and Central Europe. 

Mr. Granxnotm belonged to those “men 
who contributed by their work to the 
prosperity of Sweden round about 1900. 
His life was a rare combination of three 
conceptions : worker, engineer, and admi- 
nistrator. He devoted himself to the rail- 
way with the whole of his physical and 
spiritual strength. Its prosperity and its 
trials held the whole of his interest which 
lasted undiminished until the end of his 
life. 

Mr. Grannotm was elected a member of 
the Permanent Commission of our Associa- 
tion in 1920. He took part in the London 
Congress in 1925, Madrid in 1930 and Paris 
in 1937, as a representative of the Swedish 
Government. In spite of his many activities, 
he was always a faithful and devoted col- 
laborator of our Association. 

We wish to tender our sincere sympathy 
to his family. 


The Executive Committee. 


CORRIGENDUM 


The following alterations must be made to the article, written by Mr. J. Dusus, on: 


« Vierendeel girders : stress analysis, design and welding », appearing in our Bulletin 
for the month of December 1949 : 


Page 854: a) The formulae under : 


Loading of the top chord and Loading of the 
bottom chord must read as hereafter : 


Loading of the top chord: 


Axial load N,’, "+; = — U; 

I 

Shear T,’, -'+ 1. = : aie 
‘ ae 1 
Bending moment (M,’, ,' i ae . (Mx — U, °: A) 

: h 

(M,’, es = 1)x a ee ie W, ++ Tee Sa es U, x 5 
1 1 : h 1 

= +— M,+ SRO TS =r eee =-+ - (Mx — U;’ h) 

a 2 2 2) 


Loading of the bottom chord. 
Axial load Nee Pane = + 1Ol 
] 
Shear y ieee Pay = 5 Tr 


Bending moment (M,”, -’+ ;)x 


a = (Mx LIE h) 


as (My, r+ 1)x + (Mr", "4 1)x = Mx —U,*h 


b) Add the following note at the bottom of this page : 


Note. — In Fig. 2, the formulae (M,’j,’+1)x and (M,’," + ;)x must be altered as follows : 
(M,’, -'+1)x and (M,", 7” +1)x. 


Page 855: The formula: Wry: = 0 Zr = O must read W,,t = 0 Z,,t = 0. 
Page 865 (2nd column) : Add the sign — in front of the following formula : 


3 D(H, + Hr+1) 
2 H3,+4 


. Mr+1 


i. cee 


; 


] 


y 
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In French. 


1951 621 .86 & 621 .87 

Les appareils de levage et de manutention. Commande. 
Description et Utilisation. Numéro spécial de la Technique 
Moderne (Mars 1951). 

Paris (VI®), Dunod, éditeur, 92, rue Bonaparte. Un 
volume (24.5 x 31.5 cm) de 212 pages avec de nom- 
breuses illustrations. (Prix : 960 fr. fr.) 


1951 385 (08 (493) 


“COMPAGNIE BELGE DE CHEMINS DE FER ET 


D°’ENTREPRISES. 
Rapport 4 l’assemblée générale ordinaire du 11 avril 
1951. Exercice 1950, 70° exercice social. 
Bruxelles, édité par la Compagnie ci-dessus, 33, rue 


de l’Industrie. Une brochure (22.5 29.5 cm) de 
32 pages. 

1951 621.133 .1 
DUPONT (G.). 


Cours de Chimie industrielle. Tome 1: Généralités. 


Les combustibles. 


Paris, Gauthier-Villars, éditeur, 55, quai des Grands- 
Augustins. Un volume in-8° (16 25 cm) de VIII- 
296 pages, 155 figures. (Prix : broché, 1 100 fr. fr.) 


1951 6253 


FOUILLE (A.). 
Problémes d’électrotechnique, a "usage des ingénieurs. 
3° édition. 


Paris, Dunod, éditeur. Un volume (16 25 cm) 
de 294 pages, avec 239 figures. (Prix : 780 fr. fr.) 

1951 621 .83 
MACABREY (C.). 

Le formulaire des engrenages. 4° édition. 

Paris, Dunod, éditeur. Un volume (14 x 22 cm) de 
452 pages, avec 346 figures. (Prix : 1 850 fr. fr.) 

656 


1951 
ORGANISATION INTERNATIONALE DU TRAVAIL. 


COMMISSION DES TRANSPORTS INTERNES. 
Quatriéme session, Génes, 1951. 
Rapport général. 
Genéve, Bureau International du Travail. Un volume 
(16 x 24 cm) de 136 pages, avec tableaux et diagrammes. 


BOOKS. 


1951 385 (08 (493 


SOCIETE NATIONALE DES CHEMINS DE FER 
BELGES. 


Rapport sur l’exploitation pendant le vingt-quatriéme 
exercice (année 1950). 

Bruxelles, édité par la S. N. C. B., 17, rue de Lou- 
vain. Un volume (21 x 30 cm) de 408 pages, avec de 
nombreux tableaux et graphiques. 


In German. 


1950 621 .8 


AUMUND (H.) & KNAUST (H.). 
Hebe- und Forderanlagen. Ein Lehrbuch fir Studie- 
rende und Ingenieure. 3. neubearbeitete Auflage in 


einem Band. 
Berlin, Gottingen, Heidelberg, Springer-Verlag. 213 


Seiten mit 222 Abb. und 15 Tafeln. (Preis : Ganzl. 
25.50 D. M.) 
1951 691 


KLEINLOGEL (Prof. Dr.-Ing. habil. A.). 

Der Stahlbeton in Beispielen. Heft 2. Durchlaufende 
Platten. Massive Stahlbetonplatten gleicher und ver- 
schiedener Feldsteifigkeiten mit verschiedenartigen Be- 
lastungen sowie durchlaufende kreuzweise bewehrten 


Platten. 
Berlin, Wilhelm Ernst u. Sohn. 58 Seiten mit 52 


Textabb. 6 Zahlenbeispiele. (Preis : D. M. 9.—) 


1951 621 .165 


OEHLER (Dr.-Ing. habil. E.). 
Grundziige der Berechnung und des Baues von Dampf- 


turbinen. 
Leipzig, B. G. Teubner Verlagsgesellschaft. 4. A. VI, 


149 Seiten mit 134 Abbildungen. (Preis : geb. 7.80 D.M.) 
1951 621 .4 
SCHMIDT (Prof. Dr.-Ing. habil. F. A. F.). 
Verbrennungskraftmaschinen. 
Miinchen, Verlag von R. Oldenbourg, 420 Seiten, 
zahlreiche Abbildungen und Tabellen. (Preis : 48. — 


D. M.) 


(1) The numbers placed over the title of eac 
sonjointly with the Office Bibliographique 
Science », by L. WEISSENBRUCH, in the 


International, of Brussels, (See « 
number for November 1897, of the 


h book are those of the decimal classification proposed by the Railway Congress 


Bibliographical Decimal Classification as applied to Railway 
Bulletin of the International Railway Congress, p. 1509). 


ee 


In English. 


1951 656 .2 


AHRONS (E. L.). 

Locomotive and train working in the latter part of the 
Nineteenth Century. 

Reprinted from The Railway Magazine. 


Cambridge: W. Heffer & Sons Ltd. One volume 
(9 X 6in.), 152 pp. + 24 pp. plates. (Price : 15 s.) 


1951 621 .132 .1 (42) 
ALLEN (C. J.) and TOWNROE (S. C.). 
The Bulleid Pacific of the Southern] Region. 


London : Ian Allan Ltd., 282, Vauxhall Bridge Road, 
S. W. 1. One volume (10 x 7 1/2 in.) 80 pages, Illustrated. 
(Price : 10's. 6 d.) 


1951 
CLARK (D. A. R.). 
Advanced strength of materials. 


London : Blackle and Son, Ltd., 16-18, William IV 
gees WG (C5 4, (Entel 2 SISGE iar) 
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1951 656 


Co-ordination of transport Labour f problems. 
(Report II). 


International Labour Organisation, Geneva. 
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1951 669 
Standard methods of analysis of iron, steel and ferro- 
alloys. 


Sheffield : The United Steel Companies, Limited, 
17, Westbourne Road, Sheffield 10. (Price : 17 s. 6 d.) 


1951 624 
SUTHERLAND (H.) and BOWMAN (H. L.). 


Structural theory. Fourth edition. 


London : Chapman and Hall Ltd., 37, Essex Street, 
Wr 25 (Price 4 400s.) 
1951 669 


The hot-working of non-ferrous metals and alloys. 

London: The Institute of Metals, 4, Grosvenor 
Gardens, S. W. 1. (Monographs and Report Series 
No.9). (Price 215. 5.) 


1951 621 .438 
WELSH (R. J.) and WALLER (G.). 

The gas turbine manual. 

Temple Press Ltd., Bowling Green Lane, London, 


B.C. 4s rice:= 25s)) 


In Italian. 


1951 691 
SANTARELLA (L.). 

Il cemento armato. Vol. 2° : Le aplicazioni alle co- 
struzioni civili e industriali. 124 edizione. 

Milano, Hoepli, editore. 737-XX pagine con 596 
figure. 


II. — PERIODICALS. 


In French. 


Annales des Travaux publics de Belgique. 
(Bruxelles.) 
1951 691 
Annales des Travaux publ. de Belgique, février, p. 9; 
avril, p. 243; juin, p. 509; aodt, p. 601. 
CAMERMAN (C.). — Les pierres de taille calcaires. 


Leur comportement sous l’action des fumées. (25 000 mots 
& fig.) 
1951 624 
Annales des Travaux publ. de Belgique, avril, p. 219. 
D’HEYGERS (O.). — Méthode de calcul d’un contre- 
ventement supérieur dont les deux membrures sont des 
arcs sans cadres verticaux. (6000 mots & fig.) 


Bulletin de documentation 
de l’Union internationaie des Chemins de fer. 
(Paris.) 
1951 625 .231 (73) 
Bulletin de documentation de I’U. I. C., mars, p. 27. 


Voiture de banlieue a étage du Burlington (U. S. A.). 
(1 600 mots & fig.) 

1951 625 .212 (73) 
Bulletin de documentation de PU. I. C., mai, p. 51. 


Equilibrage dynamique des essieux de vyoitures aux 
ateliers de Burnside de I’Illinois Central (U. S. A.) 
(1 000 mots & fig.) 


1951 624 .2 
Bulletin de documentation de I’U. I. C., mai, p. 54. 


Véhicules en métal léger pour visite des ponts de con- 
structions diverses. (200 mots & fig.) 


| 
| 


} 
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1951 385 (460) 
Bulletin de documentation de 1’U. I. C., juillet, p. 79. 


Le plan général de reconstruction de la R. E. N. F. E. 
(Espagne). (1 600 mots.) 


Bulletin des transports internationaux 
par chemins de fer. (Berne.) 


1951 385 .63 
Bull. des transp. intern. par Chemins de fer, juin, p. 170. 

SCHLICHT (O.). — Propositions d’amendements de 
la C. I. M. (1 500 mots.) 

1951 385 .113 (489) 
Bull. des transp. intern. par Chemins de fer, juin, p. 189. 

Les Chemins de fer de l’Etat danois en 1949-1950. 
(1 000 mots.) 

1951 385 .62 & 385 .63 
Bull. des transp. intern. par Chemins de fer, aoait, p. 217. 

Longueurs kilométriques des lignes auxquelles s’ap- 


_ pliquent la C. I. M. et la C. I. V. (500 mots et tableau.) 


1951 385 .63 & 656 .23 
Bull. des transp. intern. par Chemins de fer, aout, p. 220. 
MERMET (E.). — Insertion dans la C. I. M. d’une 


clause relative aux tarifs a appliquer. (8 000 mots.) 


1951 385 .113 (494) 
Buil. des transp. intern. par Chemins de fer, aout, p. 246. 

Rapport des Chemins de fer fédéraux sur la gestion 
et les comptes de l’année 1956. (3 000 mots.) 


Bulletin de l’Union internationale 
des Chemins de fer. (Paris.) 


1951 625 .244 

Bulletin de |’Union intern. des Ch. de fer, septembre- 
octobre, p. 406. 

Le transport des denrées périssables. (3 000 mots & fig.) 


Energie. (Bruxelles.) 


1951 656 (493) 
Energie, juillet-aoat, p. 1316. Yor 
COLARD (J.). — Esquisse d’un plan de coordination 


des transports. (3 000 mots.) 


Génie Civil. (Paris.) 

1951 621 .392 (44) 
Génie Civil, n° 3306, 1°" aoat, p. 290. 

GAUBERT (A.). — Les nouvelles normes frangaises 

concernant les appareils de soudage a I’are. (2 000 mots 


& fig.) 


epee, 


1951 THs 1 
Génie Civil, n° 3306, 1¢ aofit, p. 294. 

HENIN (S.) & ROBICHET (O.). — Le mécanisme 
du soulévement du sol sous l’influence du gel. (1 000 mots.) 


1951 _ 624 .6 (42) & 669 .71 (42) 
Génie Civil, n° 3306, 1°" aodt, p. 295. 

La passerelle en aluminium de Pitlochry (Ecosse). 
(500 mots & fig.) 


1951 
Génie Civil, n° 3307, 15 aofit, p. 309. 
La construction des ponts a trayée continue en acier 
et en béton. (2 500 mots & fig.) 


624 


1951 
Génie Civil, n° 3307, 15 aofit, p. 312. 
Nouveaux procédés de coffrage utilisés pour les con- 
structions en béton. (2000 mots & fig.) 


691 & 721 9 


1951 624 .63 (44) 
Génie Civil, n° 3309, 15 septembre, p. 341. 

Le nouveau pont de Suresnes, sur la Seine. (2 000 mots 
& fig.) 


L’Industrie Nationale. (Paris.) 


1951 625 .42 
L’Industrie Nationale, n° 1, janvier-mars, p. 1. 

DEVILLERS (L.). — Cinquante ans d’évolution 
dans la technique des transports souterrains. (8 000 mots 
& fig.) 


L’Industrie des Voies ferrées 
et des Transports automobiles, (Paris.) 


1951 621 .431 .72 (44) & 625 .616 (44) 

L’Industrie des Voies fer. et des Transp. automobiles, 
juin, p. 1749. 

HERMES. — Autorails 4 voie métrique de 150 et 
180 ch des Chemins de fer de la Corréze et du Blanc a 
Argent. (3 000 mots & fig.) 

1951 625 .142 .1 (44) 
L’Industrie des Voies fer. et des Transp. automobiles, 

juin, p. 753. 

GILMER. — Une réalisation intéressante sur les yoies 
ferrées. (1 500 mots & fig.) 


L’Ossature métallique. (Bruxelles.) 


1951 625 .23 & 656 .28 
L’Ossature métallique, septembre, p. 405. 

Résistance des voitures métalliques en cas d’accident. 
(1000 mots & fig.) 


1951 624 .2 
L’Ossature métallique, septembre, p. 419. 

BAES (L.) & LIPSKI (A.). — Un nouveau type de 
poutre présollicitée : La poutre « Preflex ». (7 000 mots 


& fig.) 


— 4 


1951 624 .2 
L’Ossature métallique, septembre, p. 428; novembre, 


~ OAL, 
ROISIN (V.), SARIBAN (A.). & ZACZEK (S.). — 
Pratique des poutres continues quelconques. (10 000 mots, 
tableaux & fig.) 


Revue de l’Aluminium. (Paris.) 


1951 625 .617 (493) & 669 .71 (493) 
Revue de |’Aluminium, mai, p. 188. 

RENGLET (J.). — Les nouvelles yoitures-remorques 
en alliage léger de la Société Nationale des Chemins 
de fer Vicinaux de Belgique. (2 000 mots & fig.) 

1951 624 (73) & 669 .71 (73) 
Revue de |’Aluminium, juillet-aout, p. 300. 

Tablier protecteur en aluminium pour le pont de Huey- 
Long sur le Mississipi. (1 400 mots & fig.) 


Revue de 1|’Association frangaise 
des Amis des Chemins de fer. (Paris.) 


1951 621 .335 (44) 
Revue de |’Assoc. frang. des Amis des Ch. de fer, juillet- 
aout, p. 77. 


CAIRE (D.) & GACHE (A.). — Les locomotives élec- 
triques a grande vitesse BB 9003 et 9004 de conception 
francaise MTE—SW—OERLIKON. (3500 mots, ta- 
bleaux & fig.) 

1951 621 .138 .1 (44) & 621 .33 (44) 
Revue de 1’Assoc. frang. des Amis des Ch. de fer, juillet- 

aout, p. 85. 

CAIRE (D.) & GACHE (A.). — La reconversion du 
Dépot de Paris-Charolais. (5 000 mots & fig.) 

1951 625 .41 (43) 
Revue de l’Assoc. frang. des Amis des Ch. de fer, juillet- 

aout, p. 92. 

NYMEYER (A.). — Le Chemin de fer suspendu de 

Wuppertal a 50 ans. (5 000 mots & fig.) 


Revue Générale des Chemins de fer. (Paris.) 


1951 625 .112 (44 + 460) & 625 .617 (44 + 460) 
Revue générale des Chemins de fer, aodt, p. 365. 

CONQUET. — Les wagons 4 essieux interchangeables 
pour le trafic entre l’Espagne et la France. (5 000 mots 
& fig.) 

1951 621 .331 (44) 
Revue générale des Chemins de fer, aotit, p. 373. 

CROCHON. — Les installations d’alimentation en 
énergie électrique de la ligne de Saint-Gervais a Vallor- 
cine. (4000 mots & fig.) 


1951 385 .586 (44) 
Revue générale des Chemins de fer, aodit, p. 381. 

HARDY & ROSEAU. — L’enseignement  profes- 
sionnel de perfectionnement des agents du Service de la 


Voie de la Région du Noid de la S. N. C. F. (7 000 mots 
& fig.) 


1951 625 .155 (44) 
Revue générale des Chemins de fer, aout, p. 389. a 

ROUSSE (R.). — Les chariots transbordeurs unifiés 
de 21 métres. (1 500 mots & fig.) 


1951 625 .42 (3) 
Revue générale des Chemins de fer, aotit, p. 395. 

Les lignes métropolitaines a Paris et a |’étranger. 
(7000 mots & fig.) 

1951 621 .33 (44) 
Revue générale des Chemins de fer, septembre, p. 417. 

TESSIER & RAOULT. — La voiture électrotechnique 
de la S. N. C. F. (5 000 mots & fig.) 


1951 656 .212 .7 (44) 
Revue générale des Chemins de fer, septembre, p. 428. 

DELACARTE & MARCHADIER. — L’emploi de 
machines a dicter sur les quais de détail des grandes 
gares. (3 000 mots & fig.) 

1951 656 .27 (44) 
Revue générale des Chemins de fer, septembre, p. 434. 

COQUET & CAILLETEAU. — Economies réalisées 
dans l’exploitation de lignes secondaires. L’expérience 
de la ligne de Cerdagne. (11 000 mots & fig.) 


1951 621 .33 (44) & 625 .245 (44) 
Revue générale des Chemins de fer, septembre, p. 454. 

Un wagonnet-dérouleur pour lignes électrifiées a voie 
unique. (250 mots & fig.) 

1951 621 .431 .72 (44) 
Revue générale des Chemins de fer, septembre, p. 455, 

La réparation des autorails aux Ateliers de Bordeaux 
et de Bischheim. (S00 mots & fig.) 

1951 621 .132 .1 (43) 
Revue générale des Chemins de fer, septembre, p. 461: 

Nouvelles locomotives a vapeur des Chemins de fer 
fédéraux allemands. (600 mots, tableau & fig.) 


générale de mécanique. (Paris.) 
1951 62 (01 (73) & 621 .99 (73) 
Revue générale de Mécanique, mars, p. 69; avril, p. 111. 
CARPENTIER (L.). — Recherches américaines sur 
le comportement des assemblages rivés et boulonnés. 
(8 000 mots, tableaux & fig.) 


1951 621 .116 
Revue générale de Mécanique, avril, p. 119; juin, p. 188. 

COSTES (G.). — Contréle du traitement des eaux de 
chaudiéres. (8 000 mots & fig.) 


1951 62 (Ol & 669 
Revue générale de Mécanique, juin, p. 181. 

BONOMIL (J. M.). — La pratique des mesures de 
dureté. (6 000 mots & tableaux.) 


Be eee 


eyue des Transports et des Communications. 


(Lake Success.) 
1951 656 .2 


eyue des transports et des communic., n° 1, janvier- 
mars, p. 15. 


Quelques aspects particuliers des services de transports 
erroyiaires. (11 000 mots.) 


= 


| Trains. (Bruxelles.) 
1951 
Trains, n° 1, avril, p. 15. 
GHILAIN (P.), GHINS (0.), BAEYENS (FL) & 
NERUEZ (J.). — Les locomotives BB ou locomotives 
type 120 de la S. N.C. B. (1 000 mots & fig.) 


621 .335 (493) 


1951 
Trains, n° 1, avril, p. 19. 


SE aeapemnget (A.). — Travaux d’aménagement et de 
M 


625 .1 (493) 


jévement des gares de Bruxelles-Nord et de Bruxelles 
idi. (6 000 mots & fig.) 


§ 1951 

Trains, n° 1, avril, p. 31. 
GRUNENWALDT (J.) & KIPFER (P.). — L’inso- 

Norisation des locaux de la nouvelle gare de Bruxelles- 

Midi. (S 000 mots & fig.) 


725 .31 (493) 


‘ 
Les Transports publics. (Lausanne.) 


_ 1951 

Tes Transports publics, juillet, p. 11. 
_ Les trolleybus en Suisse. Les progrés réalisés ces der- 
Rieres années. (5 000 mots & fig.) 


656 .136 (494) 


1951 

Les Transports publics, aotit. p. 3. 
_ Le probléme rail-route yu par les Chemins de fer privés. 
(1 000 mots.) 


656 (494) 


In German. 


- 
' Der Eisenbahningenieur. 
(Zeitschrift des Vereins Deutscher Eisenbahn- 


ingenieure.) (Frankfurt-Main.) 
1951 625 .143 .3 
Der Eisenbahningenieur, Juli, S. 88. 
TACKE (F.). — 12 Jahre Fahrflachenbeobachtung der 
Eisenbahnschienen. (1 200 Worter.) 


1951 621 .133 2 


Der Eisenbahningenieur, Juli, S. 90. 
_ KASEBERG (K.). — Uber das Freihalten der Stehbol- 
zenkontrollbohrungen. (2 700 Worter & Abb.) 


' 


1951 
Der Eisenbahningenieur, Juli, S. 93. 
AMBERGER (E.). — Pheilhéhenverkiirzung oder 
verzerrtes Winkelbild. (1 200 Wérter & Abb.) 


625 .113 


1951 
Der Eisenbahningenieur, August, S. 97. 
Rationalisierung der Bundesbahn durch  wichtige 


Neuerungen in der Signal- und Fernmeldetechnik. (3 000 
Worter.) 


1951 ; 625 .142 .4 (43) 
Der Eisenbahningenieur, August, S. 103. 
SCHATTO. — Gleisumbau auf Spannbetonschwellen 


656 .25 (43) 


in Sperrpausen. (1 400 Worter & Abb.) 


1951 621 .392 (43) & 625 .143 .4 (43) 
Der Eisenbahningenieur, August, S. 105. 

KUNZ (H.) & RAABE (W.). — Wirtschaftlichkeits- 
steigerung in der Schienenschweissung durch Anwendung 
des Zweiflammenschlitzbrenners. (3 000 Worter & Abb.) 

1951 621 .431 .72 (460) & 625 .232 (460) 
Der Eisenbahningenieur, August, S. 110. 

STETZA (G.).— Der spanisch-amerikanische « Talgé- 
Zug ». (600 Worter & Abb.) 


Elektrische Bahnen. (Miinchen.) 


1951 621 .331 
Elektrische Bahnen, August, S. 181. 

NIMSCH (G.). — Grenzleistungen fiir Einphasen- 
Turbogeneratoren 16 2/3 Hz. (10000 Worter & Abb.) 

1951 621 .31 
Elektrische Bahnen, August, S. 197. 

CURTIUS (E. W.). — Temperaturmessungen an 
elektrischen Maschinen. (5 000 Worter & Abb.) 

1951 621 .33 
Elektrische Bahnen, August, S. 200. 

SPIEGEL (W.). — Elektrizitét statt Benzin. (1 000 
Worter.) 

1951 621 .33 (43) 


Elektrische Bahnen, September, S. 205. 
FORSTNER (R.). — Das Rhein-Ruhr-Projekt und 
die Systemfrage. (10000 Worter & Abb.) 


1951 G2bes3t 
Elektrische Bahnen, September, S299: 
MAASS (E.). — Olarmer Bahnschnellschalter fiir 


Unterwerke und Kuppelstellen. (5 000 Worter & Abb.) 


1951 625 .251 
Elektrische Bahnen, September, S. 233. 

MULLER (A. E.). — Die Schleuderbremse, das ein- 
fachste und beste Mittel zur Verhiitung des Radergleitens 
bei Schienentriebfahrzeugen. (3 000 Worter & Abb.) 


1951 621 .337 


Elektrische Bahnen, September, S. 236. 

DORFER (K.). — Feinreglersteuerung mit Wander- 
nockenschaltwerk auf Wechselstromlokomotiven. (3 000 
Worter & Abb.) 


ae 


ry 


—— Ge == wc 


1951 621 .336 

Elektrische Bahnen, September, S. 241. 
SCHWAIGER (E.). — Rechnerische Ermittlung der 

reduzierten Masse eines Stromabnehmers. (1 500 Worter 


& Abb.) 


Glasers Annalen. (Berlin.) 
1951 621 .13 (09 
Glasers Annalen, Juni, S. 117. _ 
ECKHARDT (F. W.). — Uber die Anfange des 
Dampflokomotivbaues. (2 000 Worter & Abb.) 


1951 
Glasers Annalen, Juni, S. 125. 
CHAUSSETTE. — Eisenbahntechnik und Fahrplan. 
(4 000 Worter.) 


6562222 > 


1951 621 .132 .6 (43) 
Glasers Annalen, Juli, S. 144. 
WITTE (F.). — Eh?2_ Giiterzugtenderlokomotive, 


Baureihe.82 der D. B. (10 000 Worter & Abb.) 
1951 

Glasers Annalen, Juli, S. 154. 
TASCHINGER. — Schienenomnibusse und Anhanger. 

(12 000 Worter & Abb.) 


621 .431 .72 & 656 .27 


1951 
Glasers Annalen, Juli, S. 167. 
PISTORIUS. — Die drehbare Schiebebiihne im. Reicks- 
bahnausbesserungswerk Rostock. (S 000 Wo6rter & Abb:) 


625 .154 (43) 


1951 
Glasers Annalen, Juli, S. 172. 
GAEBLER (G. A.). — Gedanken zur Fortentwicklung 
der Diesel-Schienenfahrzeuge. (10 000 Worter & Abb.) 


621 .431 .72 


Internationales Archiv fiir Verkehrswesen. 
(Frankfurt-Main.) 


1951 656 & 656 .226 
Intern. Archiv. f. Verkehrswesen, N' 9, I. Maiheft, 
Ss, 193. 


BATZING (L.). — Rationalisierung der Stiickgutbe- 
forderung. Flachenverkehr dem Kraftwagen. Fernver- 
kehr der Eisenbahn. (3 000 WéOrter.) 

1951 656 .23 (43) 
Intern. Archiy. f. Verkehrswesen, N® 11, 1. Juniheft, 

Ss, 241). 

CONRAD (O.). — Grundlagen und Ausgangspunkte 

der Verkehrs- und Tarifpolitik. (10 000 Wé6rter.) 


1951 wc 656 .225 & 656 .261 
Intern. Archiv. f. Verkehrswesen, N¥ 11, 1. Juniheft, 
See2ollig 


PHILIPP. — Die Rationalisierung des Verkehrs durch 
Benutzung yon Behiiltern. (1 600 Worter.) 


7 


1951 656 .225 (06 & 656 261 (06 
Intern. Archiv. f. Verkehrswesen, N* 12, 2. Juniheft, 
S23 274. 
UNVERZAGT (W.). — Das Container-Problem in 
Ankniipfung an die Internationale Container-Ausstellung 
in Ziirich. (5 000 Worter & Abb.) 


Schweizerisches Archiv fiir Verkehrswissenschaft 
und Verkehrspolitik. (Ziirich.) 


1951 656 .2 (494) 

Schweizerisches Archiv fiir Verkehrswissenschaft und 
Verkehrspolitik, Nt 2 , S. 112. 

HURLIMANN (H.). — Die Zubringerdienste zu und 
yon den Hauptverkehrslinien unseres Landes. (12 000 
Worter & Karten.) 

1951 656 .1 (494) & 656 .2 (494) 
Schweizerisches Archiv fiir Verkehrswissenschaft und 

Verkehrspolitik, Nt 2, S. 140. 

BAUMGARTNER (J. P.). — Le remplacement de 
lignes de chemin de fer a faible trafic. (5 000 mots & 12 
tableaux.) 


Signal und Draht. (Frankfurt-Main.) 


1951 
Signal und Draht, Mai, S. 72. 

SCHMITZ (W.). — Sicherungsschaltungen. 
Worter & Abb.) 


656 .25 
(4 000 


1951 656 .254 (73) 
Signal und Draht, Mai, S. 77. 

WOLF (O.). — Wegiibergangssicherungen in den 
U. S. A. (2000 Wérter & Abb.) 

1951 656 .255 


Signal und Draht, Juni, S. 81. 

LUCHTERHANDT (H.). — Grundlegende Betrach- 
tungen Uber die Betriebsgefahren auf Nebenbahnen und 
ihren Einfluss auf die Signalanlagen. (5 000 Worter & 
Abb.) 


1951 656 .251 
Signal und Draht, Juli, S. 102. 
JAINSKI (P.). — Die lichttechnische Bewertung von 


Reflexstoffen fiir Signale und Verkehrszeichen. (3 000 
Worter & Abb.) 

1951 ae 
Signal und Draht, August, S. 113. 


Fee) (O.). — Riickstrahlsignale. (3 500 Wéorter & 
J .) 


656 .253 


Verkehr. (Wien.) 


1951 656 


Verkehr, N* 19, 12. Mai, S. 578. 


Nachwort zur Internationalen Container-Ausstellung 
in Zurich. (2 000 Wo6rter.) 


225 & 656 261 


a Bo 


1951 

erkehr, N‘ 23, 9. Juni, S. 705. 
. HUFNAGEL (H.). — Eisenbahngesetzgebung der 
Bundesrepublik Deutschland. (4000 Wéorter.) 
t 


347 .763 .4 (43) 


_ 1951 
Verkehr, NF 32, 11. August, S. 977. 
; Der Stand des Koordinationsproblems. (2 000 Worter.) 


? 
1951 
Verkehr, Nt 37, 15. September, S. 1149, 


__ «Bahnsammelgut » in den europiiischen Giitertarifen. 
(2.000 Wérter.) 


656 
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In English. 


The Engineer. (London.) 


1951 621 .33 
The Engineer, March 30, p. 412; April 6, p. 445. 

Survey of existing railway electrification systems. 
(3 000 words & tables.) 

1951 621 132.1 (42) 
The Engineer, April 20, p. 501; April 27, p. 535. 
~NOCK (O. S.). — Present-day locomotive working 
in Great Britain. (5 800 words, tables & fig.) 


1951 

The Engineer, May 4, p. 574. 
Cold cathode lighting in a railway coach. (500 words 

& fig.) 


1951 

The Engineer, May 4, p. 576. 
_ Standard 4-6-0 mixed traffic locomotive. (2 000 words 
& fig.) 


& 1951 

The Engineer, May 18, p. 653. 
_POULTNEY (E. C.). — Characteristics of the first 
standard locomotive for British Railways. (3 000 words 


& fig.) 


1951 
The Engineer, May 25, p. 691. 
_ NOCK (O. S.). — The « Britannia » class locomotives 
on test. (2 400 words & fig.) 


625 .233 (42) 


621 .132 .1 (42) 


620132 1 (42) 


621 .131 .3 (42) 


1951 621 .431 .72 (42) 


The Engineer, June 1, p. 725. 
 Diesel-mechanical locomotive No. 10 100 (4 200 words 


& fig.) 


1951 656 .25 (42) 


The Engineer, June 8, p. 749; June 15, p. 783. 
Resignalling at York. (8 400 words & fig.) 


621 .431 .72 (42) 


1951 
The Engineer, June 8, p. 765. 
A rail traction Diesel-electric unit. (1 800 words & fig.) 


1 


Engineering. (London.) 


1951 625 .144 .4 (42). 
Engineering, March 30, p. 367. 
Optical versine gauge for railway curves. (400 words 
& fig.) 
1951 
Engineering, March 30, p. 371. 
ree coaches for British Railways. (1 000 words 
fig.) 


625 .232 (42) 


1951 621 .33 (42) 
Engineering, March 30, p. 387; April 13, p. 443. 
Electrification of railways in Great Britain. (4 000 words, 
tables & map.) 
1951 
Engineering, May 4, p. 528. 
Standard 4-6-0 mixed traffic locomotive, British Rail- 
ways. (2 100 words & fig.) 


621 .132 (42) 


1951 
Engineering, May 25, p. 631. 
Mobile and stationary tests of locomotives. (2 200 words 
& fig.) 


621 .131 .3 (42) 


1951 621 .133 (42) 
Engineering, June 1, p. 645. 
POULTNEY (E. C.). — Boiler performance of a 


Mallet locomotive. (5 600 words, tables & fig.) 
1951 

Engineering, June 1, p. 657. 
Diesel locomotive with 

(1 100 words & fig.) 


621 .431 .72 (42) 


« Fell » mechanical drive. 


1951 656 .25 (42) 
Engineering, June 8, p. 688. 
Re-signalling at York railway station. (2 200 words 


& fig.) 


1951 625 .23 (42) 


Engineering, June 8, p. 705. 
Light alloy coach for London Transport surface lines. 


(3 000 words & fig.) 


The Journal of the Institute of Transport. 


(London.) 
1951 656 .23 
The Journal of the Institute of Transport, July, p. 179. 
WOOD (W. V.). — Transport efficiency and levels of 
charges. (5 000 words.) 


1951 385 .6 
The Journal of the Institute of Transport, July, p. 193. 

COTTIER (R.). — Sixty years of the Berne Interna- 
tional Railway Conventions. (3 500 words.) 


1951 625.24 
Journal of the Institute of Transport, September, p. 211. 

PARKHOUSE(S. E.). — Railway freight rolling stock. 
(8 000 words.) 


me 


1951 656 (42) 
Journal of the Institute of Transport, September, p. 219. 

TAYLOR (N. S.). — Some London freight problems. 
(5 000 words.) 


Journal, The Permanent Way Institution. 
(London.) 


1951 625 .13 (492) 
Journal, The Permanent Way Institution, August, p. 130. 

CUPERUS (J. L. A.). — Civil engineering works on 
the Netherlands Railways after the war. (5 000 words 
& fig.) 


The Locomotive. (London.) 
1951 625 .23 (42) 
The Locomotive, May 15, p. 72. 
B. R. standard coaches. (700 words & fig.) 


1951 
The Locomotive, May 15, p. 82. 
British-Caprotti valve gear. (800 words & fig.) 
1951 621 .132 
The Locomotive, June 15, p. 86. 
British Railways standard locomotives. (1 200 words 
& fig.) 


621 .134 .3 (42) 


lL (42) 


1951 621 
The Locomotive, June 15, p. 95. 
German 2-6-2 passenger locomotive. (300 words & fig.) 


132 1 4X 


Modern Transport. (London.) 


1951 
Modern Transport, July 7, p. 5. 
Train arrival bureau at Euston. (600 words & fig.) 


656 .211 (42) 


1951 
Modern Transport, July 21, p. 11. 
Track-laying cranes. (600 words & fig.) 


625 .173 (42) 


1951 621 .132 .1 (42) & 621 .132 .6 (42) 

Modern Transport, July 28, p.3; August 4, p. 15; Au- 
must lil, pee. 

British Railways standard locomotives. (3 700 words 
& fig.) 

1951 
Modern Transport, July 7, p. 7. 

Light alloy rolling stock. (1 500 words & fig.) 


625 .232 (42) 


1951 
Modern Transport, August 4, p. 3. 


Diesel conversion of railway coaches. (1 500 words 
& fig.) 


621 .431 .72 (41) 


Railway Age. (New York.) 


1951 656 .212 .5 Ws) 


Railway Age, June 11, p. 52. 
Retarders are used in this small yard. (2 500 words 


& fig.) 


1951 
Railway Age, June 11, p. 57. 
New Great Northern passenger cars. (3? 600 words 
& fig.) 


625 .232 (73) 


1951 621 .438 (73) 


Railway Age, June 18, p. 39. 
YELLOTT (J. I.), BROADLEY (P. R.) & BUCKLEY 
(F, D.). — Coal-burning gas-turbine moves ahead. (3 000 


words & fig.) 


1951 621.432 .72 Gap 
Railway Age, June 25, p. 58. : 
DEZENDOREF (N. C.). — How to get maximum 


economies from Diesel locomotives. (2 400 words & fig.) 


1951 625 .236 (73) 
Railway Age, June 25, p. 62. 
JOHNSEN (A. M.). — Cleaning can increase corrosion 


on passenger cars. (1 800 words.) 


1951 656 .255 (73) 
Railway Age, July 2, p. 41. 

CARPI (F.). — How much freight tariff simplification. 
(1 200 words & fig.) 


1951 625 .164 (73) 
Railway Age, July 9, p. 72. 
Two-way «snow consumer » developed. (1 400 words 
& fig.) 
1951 621 .33 (73) & 621 .431 .72 (73) 
Railway Age, July 16, p. 44. 
Some new slants on electric traction. (1 800 words & fig). 
1951 
Railway Age, July 30, p. 26. 
Now tickets are streamlined too! (1 800 words & fig.) 


656 .224 (73) 


1951 
Railway Age, August 6, p. 46. 

The Southern’s John Sevier yard... 
freight terminal. (4 800 words & fig.) 


656 .212 (73) 


An_ integrated 


1951 625 .24 (73) & 691 (73) 
Railway Age, August 6, p. 64. 
Corrosion of cars costs $ 191 million a year. — How 


can it be reduced? (4 000 words & fig.) 


Railway Engineering and Maintenance. 
(Chicago.) 
| as 625 143 2 
Railway Engineering and Maintenance, May. p. 441. 


CRANE (L. S.). — The shelly-rail problem. (2 400 
words & fig.) 


‘|S oe 


1951 ; ; 625 .143 .4 (73) 
Railway Engineering and Maintenance, June, p. 533. 

MAGEE (G. M.). — Rail joint maintenance. — What 
oints need emphasis? (1 800 words & fig.) 


1951 625 .172 (73) 
Railway Engineering and Maintenance, June, p. 539. 

McMILLAN (J.). — How to make sighting devices 
or lining or raising track. (2 000 words & fig.) 

1951 : 625 .173 (485) 
tailway Engineering and Maintenance, July, p. 628. 

FOGELBERG (T.). — How track is raised and 
eballasted in Sweden. (1 500 words & fig.) 


1951 625 .17 (73) 
tailway Engineering and Maintenance, August, p. 703. 

Detail programming of track work gets results on 
»% L. & W. (4000 words & fig.) 


Railway Gazette. (London.) 


1951 . 625 .24 (73) 
tailway Gazette, June 15, p. 669. 

Laminated plywood in van building. (2 400 words 
& fig.) 

1951 656 .284 (42) 
tailway Gazette, June 22, p. 709. 

Ministry of Transport accident report. — Northolt 


unction, Western Region British Railways : August 28, 
950. (1 000 words.) 


1951 621 .132 .1 (42) 
tailway Gazette, June 29, p. 723. 

British Railways class «4» standard locomotives. 
800 words & fig.) 


1951 621 .33 (42) & 625 .13 (42) 
tailway Gazette, June 29, p. 724. : 
Progress of new woodhead tunnel. (1 500 words & fig.) 


1951 656 .212 .9 (42) 


tailway Gazette, June, 29, p, 736. 


Buffer shunting tractor for railway wagons. (400 
jords & fig.) 
1951 621 .132 .1 (54) & 656 .222 .1 (54) 


‘ailway Gazette, July 6, p. 11. 
da COSTA (G.). — Performance of « WP » class 


xcomotives. (2 000 words & fig.) 


1951 625 .173 (42) 


‘ailway Gazette, July 13, p. 44. 
Travelling cranes for track relaying, L. M. R. (1 200 
ords & fig.) 


1951 625 .245 (44) 


ailway Gazette, July 20, p. 69. 
Shock absorber for goods wagons. (300 words & fig.) 


Ei) ae 


1951 
Railway Gazette, July 27, p. 95. 
Terminal freight handling. (1 200 words.) 


656 .212 (73) 


1951 
Railway Gazette, July 27, p. 99. 


New vessel for Harwich-Zeebrugge train ferry service. 
(600 words & fig.) 


656 .211 .7 (42) 


Diesel Railway Traction. (London.) 


1951 ; 621 .338 (42) 
Diesel Railway Traction, January, p. 4. 
Overhead line equipment inspection yehicle. (1 200 


words & fig.) 
1951 
Diesel Railway Traction, January, p. 8. 


McARD (G. W.). — Braking of Diesel rail vehicles. 
(3 400 words & fig.) 


625 .251 


1951 621 .431 .72 (593) 
Diesel Railway Traction, February, p. 35. 

Sulzer locomotives for Siam. (2000 words & fig.) 

1951 621 .431 .72 (8) 
Diesel Railway Traction, February, p. 41. 

Pe: three-car train for Colombia. (1 200 words 
& fig.) 


In Danish (= 439.81). 


Ingeni@ren. (Copenhagen.) 


1951 621 .33 (489) = 439.81 
Ingenigren, No. 29, p. 525. 
ANDERSEN (J.). Electrification of the lines of the 


Danish State Railways. (4 300 words.) 
BENDTSEN (R.). — Reply. (1 500 words.) 


In Spanish. 


Ferrocarriles y Tranvias. (Madrid.) 


1951 385 .1 (4 + 460) 
Ferrocarriles y Tranvias, julio, p. 283; agosto, p. 323. 
DE LASALA MILLARUELO (J.). — La situacion 
de los ferrocarriles europeos comentada en relacién con 
los ferrocarriles espafoles. (8000 palabras, cuadros 


& fig.) 


1951 
Ferrocarriles y Tranvias, julio, p. 292. 
FERNANDEZ-BOLLO (M.) & HACAR BENITEZ 
(M. A.). — Consideraciones sobre los trabajos de renova- 
cion de via. (2 500 palabras & fig.) 


625,175 


1951 385 (06 .4 (460) 
Ferrocarriles y Tranvias, agosto, p. 335. 

REDER (G.). -— La IL Exposicion Madrilefia de 
Ferrocarriles en miniatura. (1 000 palabras & fig.) 


== jG) —= ... 


Hormigén elastico. (Buenos Aires.) 


1951 691 
Hormig6n elastico, n° 3, marzo, p. 5; n° 4, abril, p. 4. ) 
LOSSIER (H.). La autocompression de los hormi- 
gones mediante los cementos expansivos. (5 000 palabras 


& fig.) 


1951 624 & 691 
Hormigon elastico, n° 3, marzo, p. 11; n° 4, abril, p. 9. 

KING (J. W. H.). — Dimensionamiento de vigas de 
hormigon precomprimido en base a principios funda- 
mentales. (5000 palabras & fig.) 


1951 62 (O1 & 691 
Hormig6n elastico, n° 3, marzo, p. 21,; n° 4, abril, p. 13. 

BOLOMEY (J.). — Contribucién ai estudio del 
hormigén precomprimido. (6000 palabras & fig.) 


In Italian. 


Ingegneria ferroviaria. (Roma.) 


1951 656 .256 
Ingegneria ferroviaria, luglio-agosto, p. 513. 
RIGHI (R.). — I circuiti di binario e loro condizioni 


di impianto e di esercizio in territorio elettrificato a 
corrente continua. (7 000 parole & fig.) 


1951 621 .33 (45). 656 .254 (45) & 656 .257 (45) 

Ingegneria ferroviaria, luglio-agosto, p. 525; settembre, 
pp. 647-651. 

Gli impianti elettrici ed elettromeccanici della Stazione 
di Roma Termini. 


CIPRIANI (A.). — L’apparato centrale elettrico per 
la manoyra dei signali e degli scambi. 


SCAFI (P.). — Impianti per la trazione elettrica. — 
Impianti di telecomunicazioni. 


BRIZIO (E.). — Uluminazione e distribuzione d’ener- 
gia elettrica a bassa tensione. — Officina di carica 
accumulatori elettrici. (10000 parole & fig.) 


1951 621 .132 .8 (73) & 621 .438 (73) 
Ingegneria ferroviaria, luglio-agosto, p. 545, 

DE SIMONI (U.). — La prima locomotiva a turbina 
a gas costruita e funzionante in America. (5 000 parole 
& fig.) 


1951 621 135 .3 


1951 656 .232. 
Ingegneria ferroviaria, luglio-agosto, p. 570. 
LANDRA (A.). — Riflessioni sulla formazione dei 


prezzi di trasporto ferroviari. (3 000 parole.) 


4 


Trasporti pubblici. (Roma.) 


1951 624 .2 
Trasporti pubblici, marzo, p. 289. 

GOSSI (A.). — Il carico di punta nella trave a sezione 
yariabile articolota a cerniera alle extremita. (4000 
parole, tavole & fig.) 

1951 
Trasporti pubblici, aprile, p. 405. 

Esercizio a potenziamento di ferrovie ed altre linee di 
trasporto concesse all’ industria privata. (25 000 parole.) 


‘385 .15 (45) 


1951 
Trasporti pubblici, aprile, p. 447. 
L’Automotrice Fiat, tipo 077 B. (800 parole & fig.) 


621 .431 .72 (45) 


1951 
Trasporti pubblici, aprile, p. 451. 
Vetture tranviarie articolate per la citta di Torino. 
(4.000 parole & fig.) 


625 .2: 625 .62 (45) 


In Polish (= 91.885). 


Przeglad Kolejowy (Warsaw.) 


1949 656 .212 5 = 91a 
Przeglad Kolejowy, No. 10, p. 302. 
PZEKO (J.). — Organization of shunting operation. 


(3 000 words & tables.) 

1949 625 .142 .4 = 91.885 
Przeglad Kolejowy, No. 10, p. 308. 

DUBSKI (B.). — One of the solutions for the problem 
of reinforced concrete sleepers. (1 200 words & fig.) 

1949 625.142 .3 = 91.6ee 
Przeglad Kolejowy, No. 11, p. 326. 

GROBICKI (W.). — Metal sleepers in railway tracks. 
(4 000 words & fig.) 


In Portuguese. 


Gazeta dos Caminhos de ferro. (Lisboa.) 


1951 621 .392 & 625 .144 A 


Ingegneria ferroviaria, luglio-agosto, p. 559, 

PISTOCCHI (A.). — Considerazioni sull’ influenza 
della rastremazione delle foglie delle molle a_balestra. 
(4000 parole & fig.) 


Gazeta dos Caminhos de ferro, n° 1520, 16 de abril, p. 63. 
MACHADO DE CARVALHO (V.). — Algumas 


consideragOes sobre a soldadura de carris. (3 500 pala- 
vras.) 


1951 656 (469) 
azeta dos Caminhos de ferro, n° 1522, 16 de Maio, 
p. 103; n° 1523, 1 de Junho, p. 119; n° 1525, 1 de 
Julho, p. 169. 

Coordenacao dos Transportes terrestres. O Governo 
leu a C. P. a exploracao, por 50 anos, das linhas 
nacionais e um empréstimo de 320.000 contos, 
io Fundo de fomento nacional. (30000 palavras.) 


1951 385 
ta dos Caminhos de ferro, n° 1529, 1 de setembro, 
Teale 

BOYER (Ch.). — O problema dos Caminhos de ferro. 
0 000 palabras.) 


In Swedish = 439.71). 


Jarnvags-Teknik. (Stockholm.) 


1951 656 .254 (485) = 439.71 
mvags-Teknik, No. 3, p. 70. 

LINDEROTH (M.). — A new Swedish system of 
omatic telephone. (3 400 words & fig.) 


—— 11 


Meddelandan 
fran Svenska Lokaltrafik Féreningen. 
(Stockholm.) 


1951 625 .42 = 439.71 


Meddelandan fran Svenska Lokaltrafik FGreningen, 
No. 2, p. 58: 

ZETTERSTROM (O.). — Are the towns of Lisbon, 
Cleveland and Zurich likely to have schemes for under- 
ground railways, as towns of millions of inhabitants. 
(2200 words & fig.) 


1951 621 .335 (438) = 439.71 


Meddelandan fran Syenska Lokaltrafik Foreningen, 
No. 2, p. 65. 
ASPENBERG (E.). — Fast Swedish trains used for 
the suburban traffic in Warsaw. (2 000 words & fig.) 


Teknisk Tidskrift. (Stockholm.) 


1951 621 33. = 439274 
Teknik Tidskrift, No. 4, p. 277. 
ULLERFORS (K.). — Dynamometer car for the 


measure of contact lines. (1 500 words & fig.) 


M. Weissenbruch & Co., Ltd., Printer to the King, 49, rue du Poincon, Bruxelles. 
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ds 


LA BRUGEOISE 


ET NICAISE & DELCUVE 


UME mele AB sheen GrOiMap A Nay 


Steel-works, Forges and Engineering Works 
Head-Office and General Direction at 
St-Michel near Bruges 


PILL TR COVILIETHINEEL os) O) (CIS 
AND FIXED EQUIPMENT FOR 
RAILWAYS AND TRAMWAYS 


ND ALL 
BRIDGES, FRAMEWORKS, TANKS, GAS-HOLDERS A 
STEED GONSTRUGTIONS RIVETED AND WELDED 


CIEE IMESEN See STEELE GASIINGS =— IRON FOUNDRY 
SPRINGS 


aan 


Works : Trafford Park, Manchester 17 


LOC with electrical remote drive 


« : % 
..~ _ Hasier..Ber 
SSS em TEL EPHONE"BQUIPMENT AND PRECISION’ 
SS ae isi 
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XII 


For speedy help... 
SICF ROLLER-BEARING AXLEBOXES 


Last year, Cowans, Sheldon & Co. Ltd., 
England, delivered to the Swedish State 
Railways two breakdown cranes designed 
to be run in train or under their own 
steam power. Each unit consists of a 
four-axle crane wagon and two two-axle 
relieving bogies. When the cranes are 
run in train, the jibs are lowered onto 
match-wagons and supported by swivel- 
ling trestles. 


To reduce the time taken to reach 
an accident and to conform with 
modern Swedish practice, the 
breakdown cranes are equipped 
with SKF roller-bearing axle- 


Breakdown crane of the Swedish State Railways 


Maximum working capacity 
with outriggers: 50 tons at 18 ft. radius 
without outriggers: 10 tons at 19 ft. radius 


Maximum reach: about 39 ft. 
Capacity with outriggers: 6 tons 


Py without ouftriggers: 3 tons 


Maximum height of lift: about 39 ft. above rail level 
Maximum load per axle: 13 tons 
Maximum speed: 55 m. p. h. 


SOCIETE BELGE DES ROULEMENTS A BILLES SUSE, S. A. 


S Téléphone: 11.65.15 
117, Boulevard Anspach BRUXELLES éléphone 


GAND. 32, Rue Basse des Champs ANVERS. 40, Meir LIEGE. 31a, Bd de la Sauveniére 


XII 


Alphabetical Index of Advertisers 


Firms : Specialities : 


Anglo-Franco-Belge des Ateliers de La 


Croyére, Seneffe et Godarvyille (Soc.). . — Locomotives and railway rolling stock. 
Ateliers CFD Montmirail. ..... . — Diesel locomotives and tractors; light railcars. 
Ateliers de Construction Oerlikon . . . . — Electrical equipment for all traction requirements. 
Ateliers Métallurgiques (Les). .... . — Locomotives and railway rolling stock. 
Baume & Marpent (S.A.)...... . — Railway rolling stock and fixed equipment. 
Belgian National Railways. ..... . — Passenger and freight services. 
BellsRunch) Co td — Ticket issuing machines. 
British lim Ken itd yearns — Tapered-roller-bearing-axle-boxes. 
Brown, Boveri & C°, Ltd... ..... — Electric locomotives. 
Brugeoise et Nicaise & Delcuve. . . . . x Railway rolling stock and fixed equipment. 
Cockerill) (John)! =) oe eee ee — Machinery and metal structures. Diesel-electric locomotives. 
Colvilles,, Litdis-. ss ew eats ae eee — Fireboxes. 
Docker Brothers .. . paereer. See te = Paints, lacquers and varnishes for every purpose. 
English Electric, Ltd. (The) aera fa IV Railway _ electrification. 
E. V. R. (L’Eclairage des vanictled, sur 
Rail)! © eGo ates: ede S Gas se Railway lighting equipment. 
Ferguson Ltd. 3 2 2 one ee == Tractors. 
Herranti,e (dae SAL ke VI Electrical equipment. 
Firth (Thos) & Brown (John), Ltd. 2a = Railway forgings and tools. 
Forges de Courcelles-Centre (S.A.). . . —_ Draw gear, forged ironwork. 
General Steel Castings Corp. .... . —_ Truck beds for locomotives. 
Gresham & Craven, Ltd.. ....... —_ Locomotive injectors. 
Haslera(AnG,) sen ene eee XI Speed indicators and recorders. 
Imperial Chemical induces Limited Poet — Boiler feedwater treatment. 
Isothermos (Société générale). . . .. . — Axleboxes. 
lab Waves LSS ACCOR TBR fk 8 ae _ Machine-tools. 
Matisa Equipment Limited. ..... . Vv Permanent way equipment. 
Philips Gloeilampenfabrieken . . . . . . = Fluorescent lamps for railway coaches. 
Pieux Franki. ... . PURE ss ty xe 2 Concrete railway sleepers. 
Ransomes & Rapier Limited. Rr ine aa Railway plant. 
RIV (Officine di Villar Perosa) . . . : Axleboxes. 
S. A. B. (Svenska Aktiebolaget ron 
FyUhVO@) 9 5 4 5 Aue , VIL Automatic slack adjusters. 
Siderur (Société Chimerciale de ‘Sidé- 
TULSIC) hes eee Rails, sleepers. 
S. K. F. (Société Belge es Roulements a 
IBULGS)) hams earns ae care BS Re ie tears SO XII Axleboxes. 
SONG mI ee he: CO Ld ee et Pees een Il Railway equipment. 
Superheater Company (The) ..... . XI Superheaters for locomotives. 
Thomas De La Rue & C°, Ltd. . . . . VII Decoration for the interior of Railway carriages. 
United Steel Companies, Ltd. (The). . . IX Railway materials. 
Usines Emile Henricot. ........ Automatic couplers; steel castings for railway rolling 
“ stock. 
Waren COMPCE he ne E Lubricants for locomotives, ships, ete. 
Vulcan Foundry Ltd. . . . . ; : Locomotives. 
Westinghouse Brake & Signal C°, Te : Il Railway signalling. Brakes. 


Whitelegg & Rogers Limited. . . . . . Fireboxes for locomotives. 


